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METHODS OF SCREENING FOR METHYL TRANSFERASE 
ACTIVITY AND MODULATORS THEREOF 
FIELD OF THE INVENTION 

The present invention relates to transcriptional regulation. 

BACKGROUND OF THE INVENTION 
Hepatocellular carcinoma (HCC) is one of the most common cancers 
worldwide and its incidence is gradually increasing in Japan as well as in United 
States (Akriviadis EA, et al, Br J Surg. 1998 Oct;85(10):1319-31). Recent medical 
advances have made great progress in diagnosis, a large number of patients with 
HCCs are still diagnosed at advanced stages and their complete cures from the disease 
remain difficult. In addition, patients with hepatic cirrhosis or chronic hepatitis have a 
high risk to HCCs, they may develop multiple liver tumors, or new tumors even after 
complete removal of initial tumors. Therefore development of highly effective 
chemotherapeutic drugs and preventive strategies are matters of pressing concern. 

SUMMARY OF THE INVENTION 
The present invention is based in part on the discovery of the methyl | 
transferase activity of ZNFN3A1. a polypeptide which is involved in proliferation of 
cancer cells. Moreover, the methyl transferase activity of ZNFN3A1 is expressed in 
the presence of 90 -kD heat shock protein (HSP90A). 

Accordingly, the invention features a method of measuring methyl transferase 
activity by contacting a polypeptide with a substrate and a co-factor under conditions 
suitable for methylation of the substrate and detecting the methylation level of the 
substrate. The polypeptide is a ZNFN3A1 polypeptide or functional equivalent 
fliereof. For example, the polypeptide includes the amino acid sequence of SEQ ID 
NO: 46. Alternatively, the polypeptide includes an amino acid sequence of SEQ ID 
NO: 46 where one or more amino acids are substituted, deleted, or inserted and the 
polypeptide has a biological activity of the polypeptide of SEQ ID NO:46. 
Biological activity of the polypeptide of SEQ ID No:46 includes for example the 
promotion of cell proliferation and the transcriptional activation of target genes. 
Additionally, the polypeptide includes a 428-amino acid protein encoded by the open 
reading frame of SEQ. ID. N0.45. or a polynucleotide that hybridizes under stringent 
conditions, e.g., low or high, to the nucleotide sequence of SEQ ID NO:45 and has a 
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biological activity of SEQ ID NO:46. A low stringent condition is, for example, 42°C, 
ZX SSC, 0.1 % SDS, or preferably 50°C, 2X SSC, 0.1 % SDS. Preferably, a high 
stringent conditions is used. A high stringent condition is, for example, washing 3 
times in 2X SSC, 0.01% SDS at room temperature for 20 min, then washing 3 times 
in lx SSC, 0.1% SDS at 37°C for 20 min, and washing twice in Ix SSC, 0.1% SDS at 
50°C for 20 min. However, several factors such as temperature and salt concentration 
can influence the stringency of hybridization and one skilled in the art can suitably 
select the factors to achieved the requisite stringency. Optionally, the polypeptide is 
further contacted with 90-kD heat shock protein. Methylation is defined as the 
catalysis of the transfer of a methyl group to an another compound, e.g., acceptor 
molecule. Methylation is detected by methods such as using a radioactive methyl 
donor. The substrate is any compound capable of accepting a methyl group such as a 
protein, a nucleic acid (RNA or DNA) or a small molecule. For example, the 
substrate is a histone or a fragment of a histone containing the methylation region. 
Actually, it is confirmed that histone H3 lysine 4 can be methylated by ZNFN3A1 . 
Therefore, histone H3, or the fragment thereof containing lysine 4, is useful as the 
substrate. The co-factor, e.g., the methyl donor, is any compound capable of donating 
a methyl group. For example, the co-factor is S-adenosyl-L-methionine. Suitable 
conditions for methylation include for example basic buffer conditions know in the art 
such as -Tris-HCl. 

The invention further provides methods of identifying an agent that modulates 
(e.g., increases or decreases) methyl transferase activity by contacting a polypeptide 
with a substrate and a co-factor under conditions suitable for methylation of the 
substrate in the presence of a test agent and determining the methylation level of the 
substrate. A decrease of the level of methylation compared to a normal control 
methylation level indicates that the test agent issm^nhibitor of methyl transferase 
activity. Compounds that inhibit (e^g., decreases) methyl transferase activity are 
useful for treating, preventing or alleviating a symptom of colorectal cancer or 
heptaoceUualar carcinoma. For example, the compounds inhibit the proliferation of 
cancer cells. Alternatively, an increase of the level or activity compared to a normal 
control level indicates that the test agent is an enhancer of methyl transferase activity. 
By normal control level is meant a level of methylation of a substrate detected in the 
absence of the test compound. 
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The invention provides a method for screening a compound for treating 
colorectal cancer or hepatocellular carcinoma by contacting a polypeptide with a heat 
shock protein 90A (HSP90A) polypeptide in the presence of a test agent and detecting 
binding between the polypeptide and HSP90A. The binding of the polypeptide and 
HSP90A in the presence of the test compound compared to the absence of the test 
compound. Test compounds which decrease the binding of the polypeptide and 
HSP90A are selected. Binding of the polypeptide and HSP90A is defined as a non- 
covalent association between the polypeptide and HSP90A. Binding is measures by 
methods known in the art such as a yeast two-hybrid screening system. 

The invention also encompasses compositions and methods for 
alleviating a symptom of a colorectal cancer or hepatocellular carcinoma by 
contacting a colorectal cancer cell or hepatocellular carcinoma cells with a compound 
identified as described above. For example, a method of treating a either or both of 
colorectal cancer and hepatocellular carcinoma is carried out by administering to a 
mammal, e.g. a human patient having been diagnosed with such a disease state, with a 

* 

composition containing a pharmaceutically effective amount of the compound 
identified as described above and a pharmaceutical carrier. 

The invention also provides a kit for the detecting methyl transferase activity 
of a compound with a methyl transferase polypeptide, a substrate, a cofactor, and 

4 M 

HSP90A. The reagents are packaged together in die form of a kit. The reagents are 
packaged in separate containers, e.g., a methyl transferase polypeptide, substrate, co- 

■ 

factor, a control reagent (positive and/or negative), and/or a detectable label. 
Instructions (e.g., written, tape, VCR, CD-ROM, etc.) for carrying out the assay are 
included in the kit. The assay format of the kit is a transferase assay known in the art. 

Unless otherwise defined, all technical and scientific terms used herein have 
the same meaning as commonly understood by one of ordinary skill in the art to 

■ 

which this invention belongs. Although methods and materials similar or equivalent to 
those described herein can be used in the practice or testing of the present invention, 
suitable methods and materials are described below. All publications, patent 
applications, patents, and other references mentioned herein are incorporated by 
reference in their entirety. In case of conflict, the present specification, including 
definitions, will control. In addition, the materials, methods, and examples are 
illustrative only and not intended to be limiting. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1A is an illustration depicting conserved sequences in the SET 

domains of methyl transferases. 

Figure IB is a photograph of a SDS-PAGE gel showing the interaction 
between wild-type ZNFN3A1 and S-adenosyl-L-methyonine (SAM). Equal 
amount of wild-type or mutant ZNFN3A1 (arrowhead) was incubated with 
[ 3 H]-labeled SAM (top panel). SAM-associated ZNFN3A1 (arrowhead) was 
detected by fluorogram (bottom panel). 

Figure 1C is a photograph of a In vitro HMTase assay of SET-domain 
of ZNFN3A1 with/without recombinant HSP90A. SET7 served as a control. 
Figure 2A is a photograph of a showing exogeneous expression of ZNFN3A1 
in HEK293 cells. Time-dependent expression of ZNFN3A1 in cells transfected with 
pcDNA (Mock) or pcDNA-ZNFN3Al was examined by western blot analysis. 

Figure 2B is a photograph of a showing expression of candidate 
- downstream genes in response to exogenous ZNFN3A1 . Semi-quantitative 
RT-PCR analysis was performed using RNA from HEK293 cells transfected 
with pcDNA-ZNFN3Al or mock. 

Figure 3A is an illustration depicting the putative ZNFN3Al-binding 
sequences in the 5'-flanking region of Nkx2.8. The HSP90A-dependent 
transactivation of Nkx2.8 by ZNFN3A1 express through its interaction with 

putative binding sequences. 

Figure 3B is a photograph of a depicting Identification of ZNFN3A1- 
binding elements in the Nbc2.8 promoter region by ChIP assay. 

Figure 3C is a bar chart depicting the results of an in vitro binding 
assay between recombinant GST-ZNFN3A1 and a double-stranded DNA 
probe containing the ZNFN3Al-binding element (ZBE). 

Figure 3D are bar charts showing transcriptional assay of Nkx2.8 
containing wild-type or mutant ZNTO3A1 -binding element (ZBE) in the 
presence or absence of ZNFN3Al-siRNA in HCC cells. 

Figure 3E is a photograph of a gel showing expression of Nkx2.8 in 
response to exogeneous expression of wild-type Cane 2 and 3) or mutant 
(lane 4 and 5) ZNFN3A1 in HEK293 cells. Addition of HSP90A-specific 
inhibitor, geldanamycin, diminished the enhanced expression of NkxZ8 
caused by wild-type ZNFN3A1 (lane 3). 
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Figure 3F is a bar chart showing the effect of wild-type or mutant 
ZNFN3A1 on the luciferase activity in HEK293-Nkx2,8Luc cells that 
contain integrated Nkx2.8 promoter-luciferase gene in the genome. 

Figure 4A is a photograph of a in vitro histone H3-K4 
methyltransferasease assay. Histone H3 was incubated with wild-type or 
mutant ZNFN3A1, or SET7 in the presence SAM and HSP90A. 

Figure 4B is a photograph of showing Inhibition of H3-K4 di- 
methylation by the addition of specific peptides to d-methylated H3-K4. 

Figure 4C is a photograph of a in vitro histone H3-K9 
methyltransferasease assay. SUV39H1 served as a positive control. 

Figure 5A is a photograph of a showing interaction between 
endogeneous ZNFN3A1 and the ChIP-4 region of Nkx2.8 in hepatoma cells. 

Figure 5B is a photograph of a showing interaction between di- 
methylated histone H3 lysine 4 (H3-K4) and the ChIP-4 in the presence of 
ZNFN3A1 in HEK293 cells. 

Figure 6A is a bar chart showing the effect of oncogenic activity of 
ZNFN3A1 in HEK293 cells. Number of viable cells was measured by Cell 
Counting Kit-8 at Dayl4 after the transfection. *, a significant difference (p 

< 0.05) determined by a Fisher's protected least-significant test 

Figure 6B is a bar chart showing the effect of oncogenic activity of 
ZNFN3A1 in HCT116 cells. Number of viable cells was measured by Cell 
Counting Kit-8 at Day 14 after the transfection. * # a significant difference (p 

< 0.05) determined by a Fisher's protected least-significant test. 

Figure 7A is a bar chart showing the cell viability of colon cancer lines 
were measured by Cell Counting Kit-8 14 days after transfection of plasmids. 
Cells were selected with 0.5 fig/nl G418-containing McCoy's medium for 
HCT116, 1.0 iig/pl G418-containing L-15 medium for SW948, *, a 
significant difference (p < 0.05) determined by a Fisher's protected least- 
significant test. 

Figure 7B is a bar chart showing the cell viability of hepatoma cell 
lines were measured by Cell Counting Kit-8 14 days after transfection of 
plasmids. Cells were selected with 1.0 pg/(il G418-containing DMEM for 
HepG2, 0.8 jig/pl G418-containing DMEM for Huh7 and Alexander. *, a 
significant difference (p < 0.05) determined by a Fisher's protected least- 
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significant test. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is based in part on the discovery of a novel histone 
methyl transferase, ZNFN3A1, which is involved in proliferation of cancer cells. The 
histone methyl transferase activity of ZNFN3A1 is expressed in the presence of 90- 
kD heat shock protein (HSP90A), thus HSP90A plays as an essential co-factor for a 
histone methyl transferase activity. 

ZNFN3 Al expression is markedly elevated in colorectal carcinoma and 
hepatocellular carcinome (HCCs) compared to non-cancerous liver and colorectal 
tissues. The ZNFN3A1 cDNA consists of 1622 nucleotides that contain an open 
reading frame of 1284 nucleotides as set forth in SEQ. ID. NO.:45. The open reading 
frame encodes a 428-amino acid protein with a zinc finger motif and a SET domain. 
SEQ. ID. NO.:46. The subcellular localization of ZNFN3A1 protein is altered during 
cell cycle progression and by the density of cultured cells. ZNFN3 Al protein 
accumulates in the nucleus when cells are in middle to late S phase or cultured in 
sparse conditions. Whereas, ZNFN3A1 protein localizes in the cytoplasm as well as 
in the nucleus when cells are in other phases of the cell cycle or grown in a dense 
condition. 

ZNFN3A1 contains a SET domain defined by two conserved amino acid 

* ■ 

sequences, "NHSCXXN" and "GBELXXXY (Fig. 1A) Genes which encode 
proteins with a SET domain(s) are classified into four families, namely SUV39, SET1, 
SET2 and RIZ families according to the homology of their SET domains. The SET 
domain of ZNFN3A1 does not contain any pre-SET, post-SET, AWS, S ANT or C2H2 
domains, which are conserved in these subfamilies, thus ZNFN3A1 may constitute a 
new class of subfamily of SET domain proteins. 

ZNFN3A1 directly associates with a RNA helicase KIAA0054, and forms a 
complex with RNA polymerase H, which activates transcription of downstream genes 
including epidermal growth factor receptor (EGFR) through a direct binding of the 
complex with an element of "(C)CCCTCC(T)" in the 5* flanking region of the EGFR 

* * 

gene. Moreover, ZNFN3A1 has been shown to associate with RNA helicase (HELZ) 
and 90-kD heat shock protein (HSP90A). 

Exogenous expression of ZNFN3AI into N1H3T3 cells resulted in increased 
cell growth. In contrast, suppression of its expression with antisense S- 



ONC-PRV0310/US 

oligonucleotides resulted in a significant growth-inhibition of hepatoma cells. These 
findings indicate that ZNFN3A1 renders oncogenic activities to cancer cells by 
transcriptional activation of target genes including EGFR through a complex with 
RNA helicase and RNA polymerase II, and that inhibition of the activity of the 
complex is a strategy for the treatment of colorectal carcinoma and hepatocellular 
carcinoma. Deregulation of other SET domain proteins have been shown to be 
involved in human neoplasms. For example in human leukemia, frequent 
translocations are observed in MLL (15,16), the human homolog of Drosophila 
trithorax gene that belongs to SET1 family. Although it is unclear whether loss or 
gain of MLL function is responsible for the oncogenesis, MLL activates transcription 
of the Hon gene through H3 lysine 4~specific methylation mediated by methylase 
activity of the SET domain (17) through its direct binding to the Hox promoter 
sequences. MLL2 and EZH2, two members of SET1 family are amplified in 
pancreatic cancers, gliomas, or hormone-refractory, metastatic prostate cancers (18- 

20). 

The invention thus provides a method of screening for a compound that 
modulates ZNFN3A1 methyltransferase activity. The method is practiced by 
contacting a ZNFN3A1 or functional equivalent thereof having methyl transferase 
activity with one or more candidate compounds, and assaying methyl transferase 
activity of the contacted ZNFN3A1 or the functional equivalent. A compound that 
modulates methyl transferase activity of the ZNFN3A1 or functional equivalent is 
thereby identified. 

In the present invention, the term "functionally equivalent" means that the 
subject protein has methyl transferase activity. When a subject protein has the target 
activity can be determined by the present invention. Namely, the methyl transferase 
activity can be determined by contacting a polypeptide with a substrate and a co- 
factor under conditions suitable for methylation of the substrate and detecting the 

• m 

* 

methylation level of the substrate. 

Methods for preparing proteins functional equivalent to a given protein are 
well known by a person skilled in the art and include known methods of introducing 

• ■ 

mutations into the protein. For example, one skffled in the art can prepare proteins 
functional equivalent to the human ZNFN3A1 protein by introducing an appropriate 
mutation in the amino acid sequence of the human ZNFN3A1 protein by site-directed 
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mutagenesis (Hashimoto-Gotob, T. et al. (1995), Gene 152, 271-275; Zoller, MJ, and 
Smith, M. (1983), Methods Enzymol. 100, 468-500; Kramer, W. et al. (1984), 
Nucleic Acids Res. 12, 9441-9456; Kramer W, and Fritz HJ. (1987) Methods. 
Enzymol. 154, 350-367; Kunkel, TA (1985), Proc. Natl. Acad. Sci. USA. 82, 488- 
492; Kunkel (1988), Methods Enzymol. 85, 2763-2766). Amino acid mutations can 
occur in nature, too. The protein used in the present invention includes those proteins 
having the amino acid sequences of the human ZNFN3A1 protein in which one or 
more amino acids are mutated, provided the resulting mutated proteins are functional 
equivalent to the human ZNFN3 Al protein. The number of amino acids to be 
mutated in such a mutant is generally 10 amino acids or less, preferably 6 amino acids 
or less, and more preferably 3 amino acids or less. The SET-domain "NHSCXXN" 
and "GEELXXXY" may be conserved in the amino acid sequence of the mutated 
proteins for maintain the methyl transferase activity ("X" indicats any amino acid). 

Mutated or modified proteins, proteins having amino acid sequences modified 
by deleting, adding and/or replacing one or more amino acid residues of a certain 
amino acid sequence, have been known to retain the original biological activity (Mark, 
D. F. et al., Proc. Natl. Acad. Sci. USA (1984) 81, 5662-5666, Zoller, M. J. & Smith, 
M., Nucleic Acids Research (1982) 10, 6487-6500, Wang, A. et al.. Science 224, 
1431-1433 Dalbadie-McFarland, G. et al, Proc. Nad. Acad. Sci. USA (1982) 79, 
6409-6413). 

The amino acid residue to be mutated is preferably mutated into a different 
amino acid in which the properties of the amino acid side-chain are conserved (a 
process known as conservative amino acid substitution). Examples of properties of 
amino acid side chains are hydrophobic amino acids (A. I, L, M, F, P, W, Y, V), 
hydrophilic amino acids (R, D, N. C, E, Q, G, H. K, S, T), and side chains having the 
following functional groups or characteristics in common: an aliphatic side-chain (G, 
A, V, L, I, P); a hydroxyl group containing side-chain (S, T, Y); a sulfur atom 
containing side-chain (C, M); a carboxylic acid and amide containing side-chain (D, 
N, E, Q); a base containing side-chain (R, K, H); and an aromatic containing side- 
chain (H, R Y, W). Note, the parenthetic letters indicate the one-letter codes of amino 

acids. 

An example of a protein to which one or more amino acids residues are added 
to the amino acid sequence of human ZNFN3A1 protein (SEQ ID NO: 46) is a fusion 
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protein containing the human ZNFN3A1 protein. Fusion proteins are, fusions of the 
human ZNFN3A1 protein and other peptides or proteins, and are used in the present 
invention. Fusion proteins can be made by techniques well known to a person skilled 
in the art, such as by linking the DNA encoding the human ZNFN3 Al protein of the 
invention with DNA encoding other peptides or proteins, so that the frames match, 
inserting the fusion DNA into an expression vector and expressing it in a host. There 
is no restriction as to the peptides or proteins fused to the protein of the present 
invention. 

Known peptides that can be used as peptides that are fused to the ZNFN3A1 
protein include, for example, FLAG (Hopp, T. P. et al. y Biotechnology (1988) 6, 
1204-1210), 6xHis containing six His (histidine) residues, lOxHis, Influenza 
agglutinin (HA), human c-myc fragment, VSP-GP fragment, pl8HIV fragment, T7- 
tag, HSV-tag, E-tag, SV40T antigen fragment, lck tag, a-tubulin fragment, B-tag, 
Protein C fragment, and the like. Examples of proteins that may be fused to a protein 
of the invention include GST (glutathione-S -transferase), Influenza agglutinin (HA), 
immunoglobulin constant region, B-galactosidase, MBP (maltose-binding protein), 
and such. 

Fusion proteins can be prepared by fusing commercially available DNA, 
encoding the fusion peptides or proteins. discussed above, with the DNA encoding the 
protein of the present invention and expressing the fused DNA prepared. 

An alternative method known in the art to isolate functional equivalent 
proteins is, for example, the method using a hybridization technique (Sambrook, J. et 
al, Molecular Cloning 2nd ed. 9.47-9.58, Cold Spring Harbor Lab. Press, 1989). One 
skilled in the art can readily isolate a DNA having high homology with a whole or 
part of the ZNFN3A1 DNA sequence (e.g., SEQ ID NO: 45) encoding the human 
ZNFN3A1 protein, and isolate functional equivalent proteins to the human ZNFN3A1 
protein from the isolated DNA. The proteins used for the present invention include 
those that are encoded by DNA that hybridize with a whole or part of the DNA 
sequence encoding the human ZNFN3A1 protein and are functional equivalent to the 
human ZNFN3A1 protein. These proteins include mammal homologues 
corresponding to the protein derived from human or mouse (for example, a protein 
encoded by a monkey, rat, rabbit and bovine gene). In isolating a cDNA highly 
homologous to the DNA encoding the human ZNFN3A1 protein from animals, it is 

9 
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particularly preferable to use tissues from skeletal muscle, testis, HCC, or colorectal 
tumors. 

The condition of hybridization for isolating a DNA encoding a protein 

■ 

functional equivalent to the human ZNFN3A1 protein can be routinely selected by a 
person skilled in the art. For example, hybridization may be performed by conducting 
prehybridization at 68°C for 30 min or longer using "Rapid-hyb buffer" (Amersbam 
LIFE SCIENCE), adding a labeled probe, and warming at 68°C for 1 hour or longer. 
The following washing step can be conducted, for example, in a low stringent 
condition. A low stringent condition is, for example, 42°C, 2X SSC, 0.1% SDS, or 
preferably 50°C, 2X SSC, 0.1% SDS. More preferably, high stringent conditions is 
used. A high stringent condition is, for example, washing 3 times in 2X SSC, 0.01% 
SDS at room temperature for 20 min, then washing 3 times in lx SSC, 0,1% SDS at 
37°C for 20 min, and washing twice in lx SSC, 0.1% SDS at 50°C for 20 min. 
However, several factors such as temperature and salt concentration can influence the 
stringency of hybridization and one skilled in the art can suitably select the factors to 
achieved the requisite stringency. 

In place of hybridization, a gene amplification method, for example, the 
polymerase chain reaction (PCR) method, can be utilized to isolate a DNA encoding a 
protein functional equivalent to the human ZNFN3A1 protein, using a primer 
synthesized based on the sequence information of the DNA (SEQ ID NO: 45) 
encoding the human ZNFN3A1 protein (SEQ ID NO: 46). 

Proteins that are functional equivalent to the human ZNFN3A1 protein 
encoded by the DNA isolated through the above hybridization techniques or gene 
amplification techniques, normally have a high homology to the amino acid sequence 
of the human ZNFN3A1 protein. "High homology" typically refers to a homology of 
40% or higher, preferably 60% or higher, more preferably 80% or higher, even more 
preferably 95% or higher. The homology of a protein can be determined by following 
the algorithm in "Wilbur, W. J. and Lipman, D. J. Proc. Natl. Acad. Sci. USA (1983) 
80,726-730". 

A protein useful in the context of the present invention may have variations in 
amino acid sequence, molecular weight, isoelectric point, the presence or absence of 
sugar chains, or form, depending on the cell or host used to produce it or the 
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purification method utilized. Nevertheless, so long as it has a function equivalent to 
that of a human ZNFN3A1 protein (SEQ ID NO: 46), it is useful in the present 
invention. 

The proteins useful in the context of the present invention can be prepared as 
recombinant proteins or natural proteins, by methods well known to those skilled in 
the art. A recombinant protein can be prepared by inserting a DNA , which encodes 
the protein of the present invention (for example, the DNA comprising the nucleotide 
sequence of SEQ ID NO: 45), into an appropriate expression vector, introducing the 
vector into an appropriate host cell, obtaining the extract, and purifying the protein by 
subjecting the extract to chromatography, for example, ion exchange chromatography, 
reverse phase chromatography, gel filtration, or affinity chromatography utilizing a 
column to which antibodies against the protein of the present invention is fixed, or by 
combining more than one of aforementioned columns. 

* 

Also when the protein useful in the context of the present invention is 
expressed within host cells (for example, animal cells and E. colt) as a fusion protein 
with glutathione-S-transferase protein or as a recombinant protein supplemented with 
multiple histidines, the expressed recombinant protein can be purified using a 
glutathione column or nickel column. 

After purifying the fusion protein, it is also possible to exclude regions other 
than the objective protein by cutting with thrombin or f actor-Xa as required. 

A natural protein can be isolated by methods known to a person skilled in the 
art, for example, by contacting the affinity column, in which antibodies binding to the 
ZNFN3A1 protein described below are bound, with the extract of tissues or cells 
expressing the protein of the present invention. The antibodies can be polyclonal 
antibodies or monoclonal antibodies. s. 

In the present invention, methyl transferase activity of ZNFN3A1 can be 
determined by methods known in the art. For example, the ZNFN3A1 and a substrate 
can be incubated with a labeled methyl donor, under suitable assay conditions. A 
histone H3, histone H3 peptide, and S-adenosyl-[memyl- 14 C]-L-meuMoiiine, or S- 
adenosyl-[methyl- 3 H]-L-methionine preferably can be used as the substrate and 
methyl donor, respectively. Transfer of the radiolabel to the histone or histone 
peptide can be detected, for example, by SDS-PAGE electrophoresis and 
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fluorography. Alternatively, following the reaction the histone or histone peptides can 
be separated from the methyl donor by filtration, and the amount of radiolabel 
retained on the filter quantitated by scintillation counting. Other suitable labels that 
can be attached to methyl donors, such as chromogenic and fluorescent labels, and 
methods of detecting transfer of these labels to histones and histone peptides, are 
known in the art 

Alternatively, methyl transferase activity of ZNFN3A1 can be determined 
using an unlabeled methyl donor (e.g. S-adenosyl-L-methionine) and reagents that 
selectively recognize methylated histones or histone peptides. For example, after 
incubation of the ZNFN3A1, substrate to be methylated and methyl donor, under the 
condition capable of methylation of the substrate, methylated substrate can be 
detected by immunological method. Any immunological technics using an antibody 

■ 

recognizing methylated substrate can be used for the detection. For example, an 
antibody against methylated histone is commercial available (abeam Ltd.). ELISA or 
Immunoblotting with antibodies recognizing methylated histone can be used for me 
present invention. 

Instead of using antibodies, methylated histones can be detected using reagents 
that selectively bind methylated histones with high affinity. Such reagents are known 
in the art or can be determined by screening assays known in the art. An exemplary 
binding reagent is heterochromatin protein HP1, which binds histone H3 when 
methylated at lysine 4 (H3-K4). HP1, or a binding fragment thereof, can be labeled, 
and the HP1 or fragment bound to methylated H3-K4 detected. Alternatively, the HP1 
or fragment need not be labeled, and can instead be detected using an anti-HPl 
antibody in an ELISA assay. 

Various low-throughput and high-throughput enzyme assay formats are known 
in the art and can be readily adapted for detection or measuring of methyl transferase 
activity of ZNFN3A1. For high-throughput assays, the histone or histone peptide 
substrate can conveniently be immobilized on a solid support, such as a multiwell 
plate, slide or chip. Following the reaction, the methylated product can be detected on 
the solid support by the methods described above. Alternatively, the methyl 
transferase reaction can take place in solution, after which the histone or histone 
peptide can be immobilized on a solid support, and the methylated product detected. 
To facilitate such assays, the solid support can be coated with streptavidin and the 

12 

Copy provided by USPTO from the IFW Image Database on 01/10/2005 



ONC-PRV0310/US 



histone labeled with biotin, or the solid support can be coated with anti-histone 
antibodies. The skilled person can determine suitable assay formats depending on the 
desired throughput capacity of the screen. 

ZNFN3A1 or the functional equivalent requires heat shock protein 90A 
(HSP90A) for expressing the methyl transferase activity. Therefore, a compound that 
interferes binding between ZNFN3A1 or the functional equivalent and HSP90A is 
useful for modulation of the methyl transferase activity. The compound can be 
screened through the following method. Thus, the present invention also provides a 
method of screening for a compound for treating colorectal cancer or hepatocellular 
carcinoma, said method comprising the steps of: 

a. contacting a polypeptide selected from the group consisting of: 

i. a polypeptide comprising the amino acid sequence of SEQ ID NO: 

46; 

ii. a polypeptide comprising the amino acid sequence of SEQ ID NO: 
46 wherein one or more amino acids are substituted, deleted, or 
inserted and said polypeptide has a biological activity equivalent 
to the polypeptide consisting of the amino acid sequence of SEQ 

* * 

ID NO: 46; 

iii. a polypeptide encoded by a polynucleotide that hybridizes under 
stringent conditions to a polynucleotide consisting of the nucleotide 
sequence of SEQ ID NO: 45, wherein the polypeptide has a 
biological activity equivalent to a polypeptide consisting of the 
amino acid sequence of SEQ ID NO: 46; 

with a heat shock protein 90A polypepetide (HSP90A) in the presence of 

a test compound; 

b. detecting binding between the polypeptide and HSP90A; 

c. comparing the binding of the polypeptide and HSP90A in the presence of 
the test compound with that in the absence of the test compound, and 

d. selecting a test compound which decreases the binding of the polypeptide 
and HSP90A. 

In the present invention, the binding of the polypeptide and HSP90A can be 
detected via suitable method. For example, either of the polypeptide and HSP90A can 
be bound to solid support, and the other can be labeled with labeling substances for 
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detection. Labeling substances such as radioisotope (e.g., H, C, P, P, S, I, I), 
enzymes (e.g., alkaline phosphatase, horseradish peroxidase, B-galactosidase, B-giucosidase), 
fluorescent substances (e.g., fluorescein isothiosyanete (FTTC), rhodamine), and biotin/avidin, 
may be used for the labeling of a polypeptide or HSP90A in the present method. A methods for 
detection of the labeling substances are well known. 

The present invention also encompasses the use of partial peptides of a protein 
of the present invention. A partial peptide has an amino acid sequence specific to the 
protein of the ZNFN3A1 and consists of at least 7 amino acids, preferably 8 amino 
acids or more, and more preferably 9 amino acids or more. The partial peptide can be 
used, for example, for the screening for a compound that binds to the protein of the 
ZNFN3A1, and screening for inhibitors of the binding between ZNFN3A1 and co- 
factor thereof such as SAM. The partial peptide containing the SET-domain 
preferably used for these screening. 

A partial peptide used for the invention can be produced by genetic 
engineering, by known methods of peptide synthesis, or by digesting the protein of the 
invention with an appropriate peptidase. For peptide synthesis, for example, solid 
phase synthesis or liquid phase synthesis may be used. 

The ZNFN3A1 mutant having the mutation of SET-domain shows inhibitory 
effect for the cell proliferation (Figure 6 or 7). Therefore, the partial peptide of 
ZNFN3A1 preferably includes the SET-domain "NHSCXXN" and/or "GEELXXXY". 

In a further embodiment of the method for screening a compound for treating 
or preventing HCC or colorectal cancer of the present invention, the method utilizes 
the binding ability of ZNFN3A1 to co-factor thereof, such as SAM. The proteins 
having a mutation in the SET-domain which binds to S-adenosyl-L-methyonine 
inhibits the cell proliferation of cancer. These findings suggest that the ZNFN3A1 
exerts the function of cell proliferation via its binding to molecules, such as S- 
adenosyl-L-methyonine. Thus, it is expected that the inhibition of the binding 
between the ZNFN3A1 and the co-factor thereof leads to the suppression of cell 
proliferation, and compounds inhibiting the binding serve as pharmaceuticals for 
treating or preventing a HCC or colorectal cancer. 
This screening method includes the steps of: 

a. contacting a polypeptide comprising an contiguous amino acid sequence 
that selected from the amino acid sequence of SEQ ID NO: 46, and 
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wherein the amino acid sequence comprises either or both of HNSCDPN 
and GEELTICY, with an S-adenosyl-L-methyonine in the presence of a 

■ 

test compound; 

b. detecting binding between the polypeptide and S-adenosyl-L-methyonine; 

c. comparing the binding of the polypeptide and S-adenosyl-L-methyonine in 
the presence of the test compound with that in the absence of the test 
compound, and 

d. selecting a test compound which decreases the binding of the polypeptide 
and S-adenosyl-L-methyonine. 

The polypeptide to be used for the screening may be a recombinant 
polypeptide or a protein derived from the nature, or may also be a partial peptide 
thereof so long as it retains the binding ability to S-adenosyl-L-methyonine. The 
polypeptide to be used in the screening can be, for example, a purified polypeptide, a 
solnble protein, a form bound to a carrier, or a fusion protein fused with other 
polypeptides. 

Any test compound, for example, cell extracts, cell culture supernatant, 
products of fermenting microorganism, extracts from marine organism, plant extracts, 
purified or crude proteins, peptides, non-peptide compounds, synthetic 
micromolecular compounds and natural compounds, can be used. 

As a method of screening for compounds that inhibit the binding between the 
ZNFN3A1 and S-adenosyl-L-methyonine, many methods well known by one skilled 
in the art can be used. Such a screening can be carried out as an in vitro assay system, 
for example, in acellular system. More specifically, first, either the polypeptide, or S- 
adenosyl-L-methyonine is bound to a support, and the other member is added together 
with a test sample thereto. Next, the mixture is incubated, washed, and the other 
member bound to the support is detected and/or measured. 

Examples of supports that may be used for binding proteins include insoluble 
polysaccharides, such as agarose, cellulose, and dextran; and synthetic resins, such as 
polyacrylamide, polystyrene, and silicon; preferably commercial available beads and 
plates (e.g., multi-well plates, biosensor chip, etc.) prepared from the above materials 
may be used. When using beads, they may be filled into a column. 

The binding of a polypeptide or S-adenosyl-L-methyonine to a support may be 
conducted according to routine methods, such as chemical bonding, and physical 
adsorption. Alternatively, a polypeptide may be bound to a support via antibodies 
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specifically recognizing the polypeptide. Moreover, binding of a polypeptide to a 
support can be also conducted by means of avidin and biotin binding; 

The binding between polypeptide and S-adenosyl-L-methyonine is carried out 
in buffer, for example, but are not limited to, phosphate buffer and Tris buffer, as long 
as the buffer does not inhibit the binding between the proteins. 

In the present invention, a biosensor using the surface plasmon resonance 
phenomenon may be used as a mean for detecting or quantifying the binding the 
polypeptide and S-adenosyl-L-methyonine. When such a biosensor is used, the 
interaction between the polypeptide and S-adenosyl-L-methyonine can be observed 
real-time as a surface plasmon resonance signal, using only a minute amount of 
polypeptide and without labeling (for example, BIAcore, Pharmacia). Therefore, it is 
possible to evaluate the binding between the polypeptide and polypeptide and S- 
adenosyl-L-methyonine using a biosensor such as BIAcore. 

Alternatively, either the polypeptide or polypeptide and S-adenosyl-L- 
methyonine, may be labeled, and the label may be used to detect or measure the 
bound polypeptide or polypeptide and S-adenosyl-L-methyonine. Specifically, after 
pre-labeling one of the polypeptide or S-adenosyl-L-methyonine, the labeled member 
is contacted with the other member in the presence of a test compound, and then, 
bound member are detected or measured according to the label after washing. 

Labeling substances such as radioisotope (e.g., 3 H, W C, 32 P, 33 P, 35 S, 1), 
enzymes (e.g., alkaline phosphatase, horseradish peroxidase, 6-galactosidase, B- 
glucosidase), fluorescent substances (e.g., fluorescein isothiosyanete (FITC), 
rhodamine), and biotin/avidin, may be used for the labeling of a polypeptide or S- 
adenosyl-L-methyonine in the present method. When the polypeptide or S-adenosyl- 
L-methyonine is labeled with radioisotope, the detection or measurement can be 
carried put by liquid scintillation. Alternatively, polypeptide or S-adenosyl-L- 
methyonine labeled with enzymes can be detected or measured by adding a substrate 
of the enzyme to detect the enzymatic change of the substrate, such as generation of 
color, with absorptiometer. Further, in case where a fluorescent substance is used as 
the label, the bound member may be detected or measured using fluorophotometer. 

Furthermore, the binding of the polypeptide and S-adenosyl-L-methyonine can 
be also detected or measured using antibodies to the polypeptide. For example, after 
contacting the S-adenosyl-L-methyonine immobilized on a support with a test 



16 



ONC-PRV0310/US 

compound and the polypeptide, the mixture is incubated and washed, and detection or 
measurement can be conducted using an antibody against the polypeptide. 

In case of using an antibody in the present screening, the antibody is 
preferably labeled with one of the labeling substances mentioned above, and detected 
or measured based on the labeling substance. Furthermore, the antibody bound to the 
protein in the screening of the present invention may be detected or measured using 

protein O or protein A column; 

The compound isolated by the screening is a candidate for drugs that inhibit 
the methyl transferase activity of ZNFN3A1 and can be applied to the treatment or 
prevention of HCC or colorectal cancer. 

Moreover, compound in which a part of the structure of me compound 
inhibiting the methyl transferase activity of ZNFN3A1 is converted by addition, 
deletion and/or replacement are also included in the compounds obtainable by the 
screening method of the present invention. 

When administrating the compound isolated by the method of the invention as 
a pharmaceutical for humans and other mammals, such as mice, rats, guinea-pigs, 
rabbits, cats, dogs, sheep, pigs, cattle, monkeys, baboons, and chimpanzees, the 
isolated compound can be directly administered or can be formulated into a dosage 
form using known pharmaceutical preparation methods. For example, according to 
the need, the drugs can be taken orally, as sugar-coated tablets, capsules, elixirs and 
microcapsules, or non-orally, in the form of injections of sterile solutions or 
suspensions with water or any other pharmaceutically acceptable liquid. For example, 
the compounds can be mixed with pharmaceutically acceptable carriers or media, 
specifically, sterilized water, physiological saline, plant-oils, emulsifiers, suspending 
agents, surfactants, stabilizers, flavoring agents, excipients, vehicles, preservatives, 
binders, and such, in a unit dose form required for generally accepted drug 
implementation. The amount of active ingredients in these preparations makes a 
suitable dosage within the indicated range acquirable. 

Examples of additives that can be mixed to tablets and capsules are, binders 
such as gelatin, com starch, tragacanth gum and arabic gum; excipients such as 
crystalline cellulose; swelling agents such as corn starch, gelatin and alginic acid; 
lubricants such as magnesium stearate; sweeteners such as sucrose, lactose or 
saccharin; and flavoring agents such as peppermint, Gaultheria adenothrix oil and 
cherry. When the unit-dose form is a capsule, a liquid carrier, such as an oil, can also 
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* 

be further included in the above ingredients* Sterile composites for injections can be 
formulated following normal drug implementations using vehicles such as distilled 

water used for injections. 

Physiological saline, glucose, and other isotonic liquids including adjuvants, 
such as D-sorbitol, D-mannnose, D-mannitol, and sodium chloride, can be used as 
aqueous solutions for injections. These can be used in conjunction with suitable 
solubilizers, such as alcohol, specifically ethanol, polyalcohols such as propylene 
glycol and polyethylene glycol, non-ionic surfactants, such as Polysorbate 80 (TM) 
and HCO-50. 

Sesame oil or Soy-bean oil can be used as a oleaginous liquid and may be used 
in conjunction with benzyl benzoate or benzyl alcohol as a solubilizer and may be 
formulated with a buffer, such as phosphate buffer and sodium acetate buffer; a pain- 
killer, such as procaine hydrochloride; a stabilizer, such as benzyl alcohol and phenol; 
and an anti- oxidant. The prepared injection may be filled into a suitable ampule. 

Methods well known to one skilled in the art may be used to administer the 
pharmaceutical composition of the present inevntion to patients, for example as 
intraarterial, intravenous, or percutaneous injections and also as intranasal, 
transbronchial, intramuscular or oral administrations. The dosage and method of 
administration vary according to the body- weight and age of a patient and the 
administration method; however, one skilled in the art can routinely select a suitable 
metod of administration. If said compound is encodable by a DNA, the DNA can be 
inserted into a vector for gene therapy and the vector administered to a patient to 
perform the therapy. The dosage and method of administration vary according to the 
body- weight, age, and symptoms of the patient but one skilled in the art can suitably 
select them. 

For example, although the dose of a compound that binds to the ZNFN3A1 
and regulates its activity depends on the symptoms, the dose is about 0.1 mg to about 
100 mg per day, preferably about 1 .0 mg to about 50 mg per day and more preferably 
about 1.0 mg to about 20 mg per day, when administered orally to a normal adult 
(weight 60 kg). 

When administering parenterally, in the form of an injection to a normal adult 
(weight 60 kg), although there are some differences according to the patient, target 
organ, symptoms and method of administration, it is convenient to intravenously 
inject a dose of about 0.01 mg to about 30 mg per day, preferably about 0.1 to about 
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20 mg per day and more preferably about 0.1 to about 10 mg per day. Also, in the 
case of other animals too, it is possible to administer an amount converted to 60 kgs of 
body-weight 

The present invention further provides a method for treating a HCC or 
colorectal cancer in a subject. Administration can be prophylactic or therapeutic to a 
subject at risk of (or susceptible to) a disorder or having a disorder associated with 
aberrant the methyl transferase activity of ZNFN3A1 . The method includes 
decreasing the function of ZNFN3A1 in a HCC or colorectal cancer cell. Fuction 
can be inhibited through the administration of a compound obtained by the screening 
method of the present invention. 

» 

In another aspect the invention includes pharmaceutical, or therapeutic, 
compositions containing one or more therapeutic compounds described herein. 
Pharmaceutical formulations may include those suitable for oral, rectal, nasal, 
topical (including buccal and sub-lingual), vaginal or parenteral (including 
intramuscular, sub-cutaneous and intravenous) administration, or for administration 
by inhalation or insufflation. The formulations may, where appropriate, be 
conveniently presented in discrete dosage units and may be prepared by any of the 
methods well known in the art of pharmacy. All such pharmacy methods include the 
steps of bringing into association the active compound with liquid carriers or finely 
divided solid carriers or both as needed and then, if necessary, shaping the product 

» 

into the desired formulation. 

Pharmaceutical formulations suitable for oral administration may conveniently 

♦ 

be presented as discrete units, such as capsules, cachets or tablets, each containing a 
predetermined amount of the active ingredient; as a powder or granules; or as a 
solution, a suspension or as an emulsion. The active ingredient may also be presented 
as a bolus electuary or paste, and be in a pure form, i.e. 9 without a carrier. Tablets and 
capsules for oral administration may contain conventional excipients such as binding 
agents, fillers, lubricants, disintegrant or wetting agents. A tablet may be made by 
compression or molding, optionally with one or more formulational ingredients. 
Compressed tablets may be prepared by compressing in a suitable machine the active 
ingredients in a free-flowing form such as a powder or granules, optionally mixed 
with a binder, lubricant, inert diluent, lubricating, surface active or dispersing agent. 
Molded tablets may be made by molding in a suitable machine a mixture of the 
powdered compound moistened with an inert liquid diluent. The tablets may be coated 
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according to methods well known in the art. Oral fluid preparations may be in the 
form of, for example, aqueous or oily suspensions, solutions, emulsions, syrups or 
elixirs, or may be presented as a dry product for constitution with water or other 
suitable vehicle before use. Such liquid preparations may contain conventional 
additives such as suspending agents, emulsifying agents, non-aqueous vehicles (which 
may include edible oils), or preservatives. The tablets may optionally be formulated 
so as to provide slow or controlled release of the active ingredient therein. 

Formulations for parenteral administration include aqueous and non-aqueous 
sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and 
solutes which render the formulation isotonic with the blood of the intended recipient; 

* 

and aqueous and non-aqueous sterile suspensions which may include suspending 
agents and thickening agents. The formulations may be presented in unit dose or 
multi-dose containers, for example sealed ampoules and vials, and may be stored in a 
freeze-dried (lyophilized) condition requiring only the addition of the sterile liquid 
carrier, for example, saline, water-for-injection, immediately prior to use. 
Alternatively, the formulations may be presented for continuous infusion. 
Extemporaneous injection solutions and suspensions may be prepared from sterile 
powders, granules and tablets of the kind previously described. 

Formulations for rectal administration may be presented as a suppository with 
the usual carriers such as cocoa butter or polyethylene glycol. Formulations for topical 
administration in the mouth, for example buccally or sublingually, include lozenges, 
comprising the active ingredient in a flavored base such as sucrose and acacia or 
tragacanth, and pastilles comprising the active ingredient in a base such as gelatin and 
glycerin or sucrose and acacia. For intra-nasal administration the compounds 
obtained by the invention may be used as a liquid spray or dispersible powder or in 
the form of drops. Drops may be formulated with an aqueous or non-aqueous base 
also comprising one or more dispersing agents, solubilizing agents or suspending 
agents. Liquid sprays are conveniently delivered from pressurized packs. 

For administration by inhalation the compounds are conveniently delivered 
from an insufflator, nebulizer, pressurized packs or other convenient means of 
delivering an aerosol spray. Pressurized packs may comprise a suitable propellant 
such as dichlorodifluoromethane, tricMorofluoromethane, dichiorotetrafluoroethane, 
carbon dioxide or other suitable gas. In the case of a pressurized aerosol, the dosage 
unit may be determined by providing a valve to deliver a metered amount. 
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Alternatively, for administration by inhalation or insufflation, the compounds 
may take the form of a dry powder composition, for example a powder mix of the 
compound and a suitable powder base such as lactose or starch. The powder 
composition may be presented in unit dosage form, in for example, capsules, 
cartridges, gelatin or blister packs from which the powder may be administered with 
the aid of an inhalator or insufflators. 

When desired, the above described formulations, adapted to give sustained 
release of the active ingredient, may be employed. The pharmaceutical compositions 
may also contain other active ingredients such as antimicrobial agents, 
immunosuppressants or preservatives. 

It should be understood that in addition to the ingredients particularly 
mentioned above, the formulations of this invention may include other agents 
conventional in the art having regard to the type of formulation in question, for 
example, those suitable for oral administration may include flavoring agents. 

Preferred unit dosage formulations are those containing an effective dose, as 
recited below, or an appropriate fraction thereof, of the active ingredient. 

For each of the aforementioned conditions, the compositions may be 
administered orally or via injection at a dose of from about 0.1 to about 250 mg/kg per 
day. The dose range for adult humans is generally from about 5 mg to about 17.5 
g/day, preferably about 5 mg to about 10 g/day, and most preferably about 100 mg to 
about 3 g/day. Tablets or other unit dosage forms of presentation provided in discrete 
units may conveniently contain an amount which is effective at such dosage or as a 
multiple of the same, for instance, units containing about 5 mg to about 500 mg, 
usually from about 100 mg to about 500 mg. 

The pharmaceutical composition preferably is administered orally or by 
injection (intravenous or subcutaneous), and the precise amount administered to a 
subject will be the responsibility of the attendant physician. However, the dose 
employed will depend upon a number of factors, including the age and sex of the 
subject, the precise disorder being treated, and its severity. Also the route of 
administration may vary depending upon the condition and its severity. 

Example 1: General Methods 

In vitro histone methvl transferase fPMTase^ assay. 

293T cells are transfected with plasmid expressing Flag-tagged ZNFN3A1 
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(pFLAG-CMV-ZNFN3Al), SET7 protein or mock, and purified tagged proteins by 
immunoprecipitation with anti-Flag antibody. In vitro HMTase assay was performed 
according to the protocol (1) with a slight modification. Briefly, immunoprecipitated 
protein was incubated with 25 ug of free histones (mixture of H3, H2B, H2A and H4; 
Roche) as substrates and 2.5 uCi S-adenosyl-L-tmethyl- 3 !!] methionine as methyl 
donor in a mixture of 40 pi of methylase activity buffer (50 mM Tris-HCl pH 8.5, 20 
mM KC1, 10 mM MgCl 2 , 10 mM p-mercaptoethanol, 250 mM sucrose), for 60 min at 
37 °C. Proteins were separated by 18% SDS-PAGE and visualized by Coomassie 
staining and fluorography. 

Identification of downstream ee nes fry cDNA microt 

HEK293 cells expressing no ZNFN3A1 were transfected with either pcDNA- 
ZNFN3A1 or mock vector. RNA was extracted at 18 h after transfection, labeled with 
Cy3 or Cy5 dye, and subjected to co-hybridization onto in-house cDNAmicroarray 
slides containing 13,824 genes as described previously (2, 3). After normalization of 
the data, genes with signals higher than the cut-off value were further analyzed. 
Chromatin immunoprec ioitation ( CHIP) Assays. 

HEK293, HepG2 and Huh7cells were transfected with pFLAG-CMV- 
ZNFN3A1 and then fixed in 1% formaldehyde. The fixed chromatin samples were 
subjected to immunoprecipitation using ChIP assay kit according to the 
manufacturer's instructions (Promega). The sets of primers used for ChIP assay were 
shown in Table 3. 
J.ur.iferase Assay. 

The fragment of Nkx2.8 promoter were amplified by PCR using a set of primer, 
5 * -AGCGGGCCTGGTACC AAATTTGTG-3' (SEQ ID NO;41) and 5'- 
CCGG G ATGCTAGC GC ATTTAC AGC-3 ' (SEQ ID NO;42), and cloned the product 
into pGL3 basic vector (pGL3-Nkx2.8-wtZBE). Mutant reporter plasmids (pGL3- 
Nkx2.8-mutZBE) were prepared by replacing the ZNFN3A1 -binding sequences 
(CCCTCCT to CCGACCT and GAGGGG to GTQGGG) in P GL3-Nkx2.8-wtZBE 
using the QuickChange Site-Directed Mutagenesis Kit according to the supplier's 
recommendations (Stratagene). Luciferase assays were carried out using a Dual- 
Luciferase Reporter Assay System according to the manufacturer's instructions 
(Promega). 

E stgbUsfonent f>frfEK293-N kx2JLuc cells. 
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Stable transfoimant of HEK293-Nkx2.8Luc cells were established by the 
transfection with pGL3-Nkx2.8-wtZBE and pcDNA(+)3.1 plasmids (10 : 1) into 
HEK293 cells using FuGENE6 reagent according to the supplier's recommendations 
(Roche). Transfected cells were maintained in culture media supplemented with 0.9 
ug/ul of geneticin, and single colonies were selected two weeks after transfection. 
In vitro histone H3 methyltransferase (HMTase) assay. 
H3-K4 specific methyltransferase activity was examined by western blot 
analysis of recombinant Xenopus H3 protein (UBI) incubated with the 
immunoprecipitants in the presence of 20 unlabeled S-adenosyl-L-methyonine 
(SAM) and 2 ug of HSP90A for 60 min at 30°C, using antibodies against mono- 
metylated (Abeam; ab8895). di-methylated (Abeam; ab7766), tri-methylated (Abeam; 
ab8580) H3-K4, total H3 (Abeam; abl791), or tri-methylated H3-K9 (UBI; 07523). 
Peptides to di-methylated H3-K4 (Abeam; ab7768, ARTK-Me2-QTAR-GGC) and di- 
methylated H3-K9 (Abeam; abl772, QTARK-Me2-ST-GGC) were used for 
competition assay. 

Colomy-f ormatioE assay 

The entire coding sequences of wild-type ZNFN3A1 and mutant ZNFN3A1 
(ABEL and ANHSC) were cloned into the appropriate cloning sites of p3xFLAG- 
CMV-1 0 (SIGMA). Plasmids designed to express the sense strand of wild-type 
ZNFN3A1 (p3xFLAG-CMV-ZNFN3Al) or mutant ZNFN3A1 ( P 3xFLAG-CMV- 
ZNFN3A1-AEEL. P 3xFLAG-CMV-ZNFN3Al-ANHSC). or control plasmid 
(p3xFLAG-CMV-10), were transfected into HEK293, colorectal cancer or hepatoma 
cells using FuGENE6 reagent according to the supplier's recommendations (Roche). 
Transfected cells were maintained in culture media supplemented with an optimized 
concentration of geneticin. Cell viability was measured by Cell Counting Kit-8 
according to the manufacturer's protocol (DOJINDO). 

EsampHe: 2 Determination of Methyl Tfcansf erase ActvSty of -ZNFN3A1 
Proteins containing the wild-type SET domain of ZNFN3AI and two forms of 
mutant protein that lacked one of the two regions were prepared, and cross-linked 
equal amount of each protein with [^-labeled SAM by exposure to UV-radiation, 
As shown in Fig. lb, the wild-type SET domain was capable of interacting with fH\- 
labeled SAM and that neither of the mutants interacted with it. indicating the 
interaction of the SET domain with the methyl donor. The wild-type SET or control 
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recombinant protein of SET7 was further incubated with [ 3 HJ-labeled SAM and a 
mixture of histones as substrates, and labeled protein after the separation on SDS- 
PAOE was measured. As expected, a strong band corresponding to [ 3 H]-labeled 
histone H3 protein by the control SET7 (Fig. lc, lane 3) was detected. When 

■ 

substrates were incubated with die wild-type SET of ZNFN3A1 , a faint band 
corresponding to labeled histone H3 was detected, which was not observed with mock 

(Fig. lc, lane 1 and 2). 

Since yeast two-hybrid screening identified HSP90A as an interacting protein 
of ZNFN3A1 , it was hypothesized that HSP90A might assist the protein folding of the 
SET. To test this hypothesis SAM and histones were incubated in combination with 
the wUd-type SET and recombinant HSP90A protein, which resulted in enhanced 
methyl transferase activity onto histone H3 (Fig. lc, lane 4 and 5). These data 
demonstrate that ZNFN3A1 regulates expression of downstream genes through 
modification of chromatin structure and the associated RNA polymerase H activity. 

Example 3: Identification of Genes Regulated by ZNFN3A1 

To identify downstream genes regulated by ZNFN3A1 , pcDNA-ZNFN3 Al 
was transfected into HEK293 cells that showed undetectable level of ZNFN3A1 
expression by RT-PCR, and monitored alterations in gene expression using cDNA 
microarray containing 13,824 genes. Immunoblot analysis depicted time-dependent 
induction of ZNFN3A1 as early as 12 hours (Fig.2a), therefore RNA was extracted 
from cells transfected with pcDN A-ZNFN 3 Al and those with pcDNA-mock at 18 
hours after transfection. The expression profile analysis identified 81 genes with 
altered expression including 62 genes that were up-regulated greater than three fold in 
pcDNA-ZNFN3Al transfected cells compared with mock transfected cells, and 19 
genes that were down-regulated less than three fold (Table 1). Among the 62 up- 
regulated genes, a set of oncogenes such as Myc, Crk, JunD, Maf, and WntlOB, genes 
involved in cell cycle regulation (cyclin Gl, Cdk2 and Topoisomerase II), and 
homeobox genes {Nkx2.5, Nkx2.8 andUM homeobox protein 2) were found to be up- 
regulated by introduction of ZNFN3A1. Associated with cyclinA and cyclinE, cdk2 
plays an crucial role for S-phase progression (8, 9). and the amplification of 
cyclinE/cdk2 complexes was shown to be involved in tumor progression in several 
tumors including CRC and HCC (10, 11). It is well known that homeobox genes are 
important factors for morphological change in development and for tumorigenesis 

♦ 
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(12). Therefore elevated expression of ZNFN3A1 plays a crucial role in human 
carcinogenesis through the activation of these downstream genes. 

11 up-regulated genes including Nkx2,8 9 C/EBPS, Nkx2.5, WntlOB, PIK3CB, 
NEURL, PSMD9, ECEL1 1 CRKL, APS, and Seb4D were selected , and semi- 
quantitative RT-PCR was performed using RNAfrom the cells transfected with 
ZNFN3A1 or mock. The sets of primers used for semi-quantitative RT-PCR were 

* 

shown in Table 2. 

Expectedly, the result corroborated enhanced expression of these genes by ZNFN3A1 
(Fig. 2b). The putative ZNFN3A1 -binding sequences were searched within 1.5-kb 
region upstream of transcription starting sites of Nkx2.8. Two sequences were 
identified(Fig. 3a). Subsequent chromatin immunoprecipitation (ChIP) assay using 
cells transfected with pFLAG-ZNFN3 Al and anti-Flag M2 antibody confirmed that 
one genomic segment (ChIP-4) containing these sequences associated with ZNFN3A1, 
and that other segments (ChlP-1, -2, and -3) with no ZNFN3 A 1 -binding sequences 
did not (Fig. 3b). The ChIP-4 segment contained two putative binding sequences 
(CCCTCCT and GAGGGG) within -510 bp to -467 bp of the 5* flanking region (Fig. 
3a). Double stranded oligonucleotide probe was prepared containing this ZNFN3A1- 
binding element (ZBE), and in vitro binding assay was performed, using recombinant 
GST, GST-ZNFN3A1, and GST-wtTcf4 as a control (Fig. 3c). The probe used for in 
vitro binding assay are shown in Table 4. 

The results indicate that oligonucleotide probe containing wild-type Tcf4-binding 
motif (wtTBM) associated with GST-wtTcf4 but not with GST or GST-ZNFN3A1 
protein. Similarly, although ZBE did not associated with GST. it was capable to bind 
with GST-ZNFN3AI protein. Furthermore, it was determined that the interaction was 
inhibited by the addition of cold competitor DNA, suggesting specific interaction 
between GST-ZNFN3A1 and ZBE. 



Table 11 Up-regulated and d©wn-regnOated genes by ZNFN3A1 



Category 



Unigene 



Accession 



Gene name 



Up-regulated genes 
Oncogene 



1 



Hs.25960 



BC002712 



V-myc myelocytomatosis viral related 
oncogene 
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9 


no.uu i v • 


Miyi 005207 


V-crk sarcoma virus CT10 oncogene homolog 
(avian)-like 


3 


Hs.2780 


X51346 


Jun D proto-oncogene 


4 


Hs.131953 

• 


NM_002360 


V-maf musculoaponeurotic fibrosarcoma 
oncogene homolog K 


5 


Hs.91985 


NM_003394 


Wingless-type MMTV integration site family, 
member 10B 



6 


Hs.79101 


U47413 


CycUn G1 


7 


Hs.19192 


X62071 


Cyclin-dependent kinase 2 


8 


Hs.75248 


U54831 


Topoisomerase (DNA) II beta 



Signal transduction 

Hs.9195 



10HS.239818 IS67334 



11 Hs.89449 IL32976 



12 



13 



14 



15 



16 



ID21239 



{ Guanine nucleotide-releasing factor 2 
>hosphoinositide-3-kinase, catalytic, beta 
tolypeptide 



IMitogen-activated protein kinase kinase kinase 
\11 



Hs.41 8506 BC026254 \lnsulin-like 4 . — 

Hs.21486 NM_1 39266 {Signal transducer and activator of transcription 



Hs .31 408 |NM_021 1 68 \RAB40C, member RAS oncogene family 

Hs.326392 NM_005633 Son ofsevenless homolog 1 

Hs 371366 NMJ)20979 Udaptor protein with pleckstrin homology and 

1 { -\rc homology 2 domains (APS) 



Adhesion 



AF057036 



Collagen-like tail subunit (single strand of 
homotrlmer) of asymmetric 
acetylcholinesterase 

CD6 antigen 




25 



Hs.123022 



J03853 



Adrenergic. alpha-2C~, receptor 




Morphology 



28 


HS.54473 


29 


Hs.234763 



U34962 
NM_0 14360 



NK2 transcription factor related, locus 5 
NK2 transcription factor related, locus 8 
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30 


Hs.1569 


AK027597 


UM homeobox protein 2 


31 


Hs.1 21539 


L38518 


Sonic hedgehog homolog | 



Transcription 



32 



Hs.147049 



33 



Hs.42712 



34 



36 



L12579 



M64240 



Hs.169832 



M58297 



Hs .76722 



MAX protein 



Zinc finger protein 42 (myeloid-specific retinoic 
acid- responsive) 



M83667 



Cut-like 1, CCAAT displacement protein 



TAF10 RNA polymerase II, TATA box binding 
protein (TBP)-a ssociated factor, 

CCAAT/enhancer binding protein (C/EBP), 
delta 




41 


HS.82963 


X01059 


42 


Hs.821 


J04599 


43 


Hs.1473 


K02054 


44 


Hs.148101 . 


BC009356 


45 


Hs.11494 


NM_006329 



Biglycan 

Gastrin-releasing peptide 



CDC42 effector protein (Rho GTPase binding) 




49 



50 
51 

52 



Hs.75436 



HS.1 81 046 
Hs.381034 

Hs.274376 



X04882 



L05147 
X78873 

NM_004038 



Quinoid dihydropteridine reductase 



Dua l specificity phosphatase 3 

Protein phosphatase 1, regulatory (inhibitor) 
subunit 2 

Amylase, alpha 1A; salivary 



53 


Hs.11101 


U49089 


Discs, large (Drosophila) homolog 3 


54 


Hs.43627 


NM_006943 


SRY (sex determining region Y)-box 12 


55 


Hs.5648 


NM_002813 


Proteasome (prosome, macropain) 26S 
subunit non-ATPase, 9 


56 


Hs.343575 


U23435 


AbNnteractor 2 


57 


Hs.1 24024 


AF053700 


Deltex homolog 1 


58 


Hs.77492 


U23803 


Heterogeneous nuclear ribonucleoproteln A 0 \ 
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59 



Hs.635 



M76560 



Calcium channel, voltage-dependent, beta 1 
subunit 



60 



Hs.279604 



AF055081 



Desmin 



61 



Hs.283429 



L25270 



Mcx homolog, X chromosom 



62 



BC018711 



Hs.236361 

Down-regulated genes 

Cell cycle 

U21 847 



RNA-binding region (RNP1, RRM) containing 1 



63 



64 



Hs.82173 



Hs.279862 



W81124 



Transforming growth factor-beta-inducible early 
growth response protein 1 



Cdk inhibitor p21 binding protein 



Transcription 



65 



66 



67 
68 



Hs.1 10637 



AF040714 



Hs.54424 



Hs.102402 
Hs.12940 



Homeo boxA10 



X76930 



NM.006454 
AK025236 



Hepatocyte nuclear factor 4, alpha 
MAX dimerization protein 4 
Zinc-fingers and homooboxes 1 



Secreted 



69|Hs.295944 |D29992 [Tissue factor pathway inhibitor 2 



Various enzyme 



70 



Hs.9001 1 



71 



Hs.904 



72 



73 



76 



AK025514 



U84010 



Hs.8248 



IAK098395 NADH dehydrogenase (ubiquinone) Fe-S 

protein 1 



Hs.1 98272 



Hs.295605 
Hs.211571 



Adenylosuccinate synthase 



Amylo-1, 6-glucosidase, 4-alpha- 
glucanotransferase 



NM 004546 



NADH dehydrogenase (ubiquinone) 1 beta 
subcomplex, 2 



Miscellaneous 



77 



78 



70 



Hs.81564 



Hs.77770 



AL83230 6 
U36787 
X93207 



NM_002 619 
D38293 



Hs.693 

Hs .422986 
Hs.123122 



Mannosidase, alpha, class 2A, member 2 
Holocytochrome c synthase 
Nardilysin (N-arginine dibasic convertase) 

Platelet factor 4 

Adaptor-related protein complex 3, mu 2 
subunit 



M85085 

M 19383 
X97249 



Cleavage stimulation factor, 3' pre-RNA, 
subunit 2 
Annexin A4 



1 



FSH primary response (LRPR1 homolog, rat) 1 



Table 2 S quences of olig nucleotid s 
Primers used f r RT-PCR 



SEQ ID No; 
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GAPDH; 

ZNFN3A1; 

Nkx2.8; 

C/EBPQ 

Nkx2.5; 

WntWB; 

PIK3CB; 

NEURL; 

PSMD9; 

ECEL1; 

APS; 
Seb4D; 



Forward: 
Reverse: 
Forward: 
Reverse: 
Forward: 
Reverse: 
Forward: 
Reverse: 
Forward: 
Reverse: 
Forward: 
Reverse: 
Forward: 
Reverse: 
Forward: 
Reverse: 
Forward: 
Reverse: 
Forward: 
Reverse: 
Forward: 
Reverse: 
Forward: 

Reverse: 



5-ACAACA6CCTCAAGATCATCAG-3' 
5*-GGTCCACCACTGACACGTTG-3' 
5'-TTCCCGATATCAACATCTACCAG-3' 
5-AGTGTGTGACCTCAATAAGGCAT-3' 
5'-AATCATCGCTACAAGCTGAAGCGTG-3' 
5'-GCATAAAATCTAACTCTGGGGCTGG-3' 
5'-ACCTCTTCAACAGCAATCACAAG-3' 
5'-GCATG CTCAGTCTTTTCCTCTTA-S' 
5'-GTGCTCTTCTCGCAGGCGCAG-3' 
5'-ATACCATGCAGCGTGGACACTC-3' 
5'-GATACCCACAAC CGCA ATTCT-3' 

5*-GCATG CTCAGTCTTTTCCTCTTA-3' 
5'-AGTTAAACAGAGCCAAAGGGAAG-3' 
S'-CTGTAGTCTTTCCGAACTGTGTG-S' 

5'-G AG ACCATCTTCGTCAAG GTCACG-3* 
5'-CGTGTTCATAGCAAATGGTGCACTC-3' 

5'-CCCTTTG G AG AAC AGG G AAAG CCTG-3' 
5'-GCTGATCTCAGGGCATAGCCAGGAG-3' 
5-AAAGGCTGAGTGCATCGTCCGTCTC-3* 
5-G GTAGC C AGC AG GAG GTGATTCGTG-3' 
5-AGAGAATCCCTGATCCACGTC-3' 
5'-CGGGCTAGTAGAAGGAGTACTGG-3' 
S'-GGCACCACTTTCGTGCAGTACCAGG-S' 
5-GTCAGGCATCTCTGCACAGTCCAGG-3' 



Table 3 Sequences of oligonucleotides 



Primers used for ChIP assay 0 , 
ChlP-1: Forward: 5'-TGATGCCTATTCCTTACATCCTATG-3 

Reverse: 5'-GATTGTGTCTATATCTTGCATTCCG-3 
Forward : 5 -TGCATTATTCCGGACTG AACAAATGC-3' 
Reverse: 5'-GTTGCTAAATTGTAGCGAAGGGCTC-3' 
Forward: 5'-ACCCAAGTACAGAGCCCTTCGCTAC-3' 
Reverse: S'-TCACTGCCTGGGCTTTGGTCTTTG-S' 
Forward: 5'-GACCAAAGCCCAGGCAGTGAGAGTG-3' 
Reverse: 5'-CTGAGGAAGGGCTGGGACAACATTC-3' 
Forward: 5'-TGGCTACAAGCCTCTTCTGTTTTGC-3' 
Reverse: S'-AGGGGTGGGTTTATTAGCACCCAGG-S' 



ChlP-2; 
ChlP-3; 
ChlP-4; 
ChlP-5; 



Table 4 Sequences of oligonucleotides 
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Oligonucle tides used f r In vitro binding assay 



ZBE2, yj|^Q^QQQjQQyQ^/^cTTGTCATCCTGAATCTTAGAGGGGCCC- 
3' 

GGGCCCCTCTAAGATTCAGGATGACAAGTTTCAGGAGGGCGTAA 
-3' 

wtTBM; Forward: S'-CCCTTTGATCTTACC-y 

Reverse: 5'-G GTAAG ATCAAAGGG-3' 
mtTBM; Forward: S'-CCCTTTGGCCTTACC-S' 

Reverse: 5-GGTAAGGCCAAAGGG-3' 

Example 4: ZNFN3A1 regulates transcriptional activity of Nkx2.8 
To examine whether ZBE is responsible for'transactivation of Afac2.fi in cancer 
cells, a reporter plasmid was prepared that was cloned the -791 to +109 of Nkx2.8 
including wild-type ZBE ( P GL3-Nkx2.8-wtZBE) at an upstream region of luciferase 
gene as well as that including mutant ZBE (pGL3-Nkx2.8-mutZBE). These reporter 
plasmids were transfected into HepG2 or SNU475 cells, and their luciferase activity 
in the presence or absence of siRNA to ZNFN3A1 was measured(Fig. 3d). The 
mutant reporter plasmid revealed significantly lower activity than the wild-type 
plasmid in the cells, indicating that ZBE is responsible for the transactivation of 
Nkx2.8 in the cells. Notably, co-transfection with plasmids expressing siRNA to 
ZNFN3A1 (psiU6BX-ZNFN3Al-12, Forward: 5'- 

AACATCTACCAGCTGAAGGTGTTCAAGAGACACCTTCAGCTGGTAGATGTT- 
3'(SEQ ID NO; 43), Reverse: 5'- . 

AACATCTACCAGCTGAAGGTGTCTCTTGAACACCTTCAGCTGGTAGATGTT- 
3'(SEQ ID NO; 44)) reduced the luciferase activity of wild-type reporter plasmids 
compared to mock (psiU6BX-Mock), but it did not affect the activity of mutant 

« 

plasmids. 

These data indicate that ZNFN3A1 directly regulates transcriptional activity of 

Nkx2.8 through the interaction to ZBE. 

Example 5: Nkx2.8 is associated with HSP90A-dependent HMTase 

activity of ZNFN3A1 

To determine whether HMTase activity of ZNFN3A1 associates with the 
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expression of Nkx2.8, and whether HSP90A is involved in its regulation, transfected 
HEK293 cells were transfected with plasmids expressing wild-type or HMTase- 
inactive mntant-ZNFN3Al (ZNFN3A1-AEEL and ZNFN3A1-ANHSC), and semi- 
quantitative RT-PCR was performed using RNAs isolated from the transfected cells 
(Fig. 3e). As expected, although wild-type plasmid enhanced the expression of 
Nkx2.%, both types of mutant plasmids failed to induce the expression. Furthermore, 
addition of geldanamycin, a specific inhibitor of HSP90A, suppressed the expression 
enhancement caused by wild-type ZNFN3A1 (Fig. 3e lane 3), which is consistent 
with the finding that HSP90A enhances HMTase activity of ZNFN3A1 in vitro (Fig. 
lc). HEK293-Nfcx2.8Luc cells that integrated the promoter region of Nkx2,8 and 
luciferase gene ( P GL3-Nkx2.8-wtZBE) in the genome were established. Transfection 
with plasmids expressing wild-type ZNFN3A1 increased the luciferase activity in a 
dose-dependent manner, whereas, that in addition of 2uM geldanamycin or that with 
HMTase-inactive mutant did not enhance the activity (Fig: 3f). Taken together, these 
results indictate that expression of Nkx2.8 is associated with HSP90A-dependent 
HMTase activity of ZNFN3A1. 

Example <S:Histome H3 metBuyltoramsfeirase activilty off ZNFN3A1 
Since proteins containing SET domain play a crucial role in methylation of 
histone H3 lysine 4 (H3-K4) or lysine 9 (H3-K9), we investigated whether ZNFN3A1 
has an ability to methylate H3-K4 or H3-K9. We incubated recombinant histone H3 
in the presence of SAM and HSP90A with wild-type or mutant ZNFN3A1 , or SET7 in 
vitro. In agreement with previous reports(21), SET7 enhanced mono- and di- 
methylation of H3-K4, but did not induce its tri-methylation (Fig. 4a, lane 2). On the 
other hand, the wild-type ZNFN3A1 did not lead to mono-methylation. However, it 
could cause dl- and tri-methylation of H3-K4 (Fig. 4a, lane 3). This methylation was 
completely inhibited by addition of di-methylated H3-K4 peptides, but was unaffected 
by that of di-methylated H3-K9 peptides (Fig. 4b). The experiment using H3-K9 
indicated that H3-K9 was methylated by neither wild-type nor mutant ZNFN3A1 (Fig. 
4c), suggesting that ZNFN3A1 has the H3-K4-specific methyltransferase activity. 

Example 7:Assoriation between ChaIP-4 region in the Nkx2.8 promoter 
and ZNFN3A1 

We carried out an additional ChIP assay with anti-ZNFN3Al antibody using 
extracts from HepG2 or Huh7 hepatoma cells that abundantly expressed ZNFN3 Al , 
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which corroborated an interaction between endogenous ZNFN3A1 protein and the 
ChIP-4 region (Fig. 5a). Further ChlP assay with anti-di-methylated H3-K4 antibody 
revealed an association between di-methylated H3-K4 and the ChlP-4 region in 
HEK293 cells transfected with wild-type ZNFN3A1 (Fig. 5b), 

Example 8:Association between HMTase activity of ZNFN3A1 and 

proliferation of caneer cells 

To analyze the effect of HMTase activity on cell growth, we carried out a 
colony-formation assay by transfecting plasmids expressing wild-type (p3xFLAG- 
CMV-ZNFN3A1) or HMTase-inactive mutant forms (p3xFLAG-CMV-ZNFN3Al- 
AEEL, P 3xFLAG-CMV-ZNFN3Al-ANHSC) of ZNFN3A1, or control plasmids 
(p3xFLAG-CMV). Transduction of wild-type ZNFN3A1 produced markedly more 
colonies than control or mutant ZNFN3A1 in HEK293 cells expressing no 
endogenous ZNFN3A1 , which recapitulated oncogenic activity of ZNFN3A1 (Fig. 
6a). Consistently, transfection with P 3xFLAG-CMV-ZNFN3Al increased the number 
of colonies compared to the control in HCT116 colon cancer cells (Fig. 6b). On the 
other hand, that with p3xFLAG-CMV-ZNFN3 Al - AEEL reduced the growth of 
HCTU6 cells compared with P 3xFLAG-CMV, suggesting that the mutant ZNFN3A1 
may interfere the function of endogeneous ZNFN3A1. Additionally, we also 
investigated growth inhibitory effect of the mutant forms of plasmids in various 
colorectal cancer cell lines and hepatoma cell lines (Fig. 7). The result showed that 
transduction of HMTase-inactive ZNFN3A1 (p3xFLAG-CMV-ZNFN3Al-AEEL, 
p3xFLAG-CMV-ZNFN3Al-ANHSC) significantly reduced the growth of cancer cells 
compared to the control, which may suggest that HMTase activity of ZNFN3A1 
associates with proliferation of colon cancer and hepatoma cells. 

■ 

Industrial Ap plicability 

The present inventors have shown that ZNFN3A1 has methyl transferase 
activity, and the suppression of the activity led to inhibit of cell proliferation of cancer 
cells. Thus, agents that inhibit the methyl transferase activity or the binding of 
ZNFN3A1 and co-factor thereof prevent its activity may find therapeutic utility as 
anti-cancer agents, particularly anti-cancer agents for the treatment of HCC or 

* 

colorectal cancer. 

All patents, patent applications, and publications cited herein are incorporated 
by reference in their entirety. Furthermore, while the invention has been described in 
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detail and with reference to specific embodiments thereof, it will be apparent to one 
skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope of the invention. 
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We Claim: 

1. A method of measuring methyl transferase activity of a polypeptide, said method 
comprising the steps of: 

a. contacting a polypeptide selected from the group consisting of: 

i. a polypeptide comprising the amino acid sequence of SEQ ID NO: 
46 (ZNFN3A1); 

ii. a polypeptide comprising the amino acid sequence of SEQ ID NO: 
46 wherein one or more amino acids are substituted, deleted, or 
inserted, and said polypeptide has a biological activity equivalent 
to the polypeptide consisting of the amino acid sequence of SEQ 
ID NO: 46; 

iii. a polypeptide encoded by a polynucleotide that hybridizes under 
stringent conditions to a polynucleotide consisting of the nucleotide 
sequence of SEQ ID NO: 45, wherein the polypeptide has a 
biological activity equivalent to a polypeptide consisting of the 
amino acid sequence of SEQ ID NO: 46; . 

with a substrate to be methylated and a cofactor under the condition capable of 
methylation of the substrate; 
b. detecting the methylation level of the substrate; and ■ 

c. measuring the methyl transferase activity by correlating the methylation level of 
step (b) with the methyl transferase activity. 

2. The method of claim 1 , wherein the substrate is a histone or the fragment thereof 
comprising an at least methylation region. 

3. The method of claim 1, wherein the methylation region is a histone H3 lysine 4. 

* 

4. The method of claim 1 , wherein the cofactor is a S-adenosyl-L-methyonine. 

5 . The method of claim 1 , wherein the condition capable of methylation of the 
substrate is provided in the existence of heat shock protein 90A (HSP90A). 

6. A method identifying an agent that modulate methyl transferase activity, said 
method comprising the steps of: 

a. contacting a polypeptide selected from the group consisting of: 
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i. a polypeptide comprising the amino acid sequence of SEQ ID NO: 
46; 

ii. a polypeptide that comprises the amino acid sequence of SEQ ID 
NO: 46 wherein one or more amino acids are substituted, deleted, 
or inserted, and said polypeptide has a biological activity 
equivalent to the polypeptide consisting of the amino acid sequence 

of SEQ ID NO: 46; 

iii. a polypeptide encoded by a polynucleotide that hybridizes under 
stringent conditions to a polynucleotide consisting of the nucleotide 
sequence of SEQ ID NO: 45, wherein the polypeptide has a 
biological activity equivalent to a polypeptide consisting of the 
amino acid sequence of SEQ ID NO: 46; 

with a substrate to be methylated and a cofactor in the presence of the test 
compound under the condition capable of methylation of the substrate; 

b. detecting the methylation level of the substrate; and 

c. comparing the methylation level to a control level 

wherein an increase or decrease in the methylation level compared to control 
level indicates that the test compound modulates methyl transferase activity. 

A kit for detecting for an activity of a test compound to regulate methyl 

transferase activity, said kit comprising the components of: 
a. a polypeptide selected from the group consisting of : 

i. a polypeptide comprising the amino acid sequence of SEQ ID NO: 

46; 

ii. a polypeptide comprising the amino acid sequence of SEQ ID NO: 
46 wherein one or more amino acids are substituted, deleted, or 
inserted and said polypeptide has a biological activity equivalent 
to the polypeptide consisting of the amino acid sequence of SEQ 

ID NO: 46; 

. iii. a polypeptide encoded by a polynucleotide that hybridizes under 
stringent conditions to a polynucleotide consisting of the nucleotide 
sequence of SEQ ID NO: 45, wherein the polypeptide has a 

biological activity equivalent to a polypeptide consisting of the 
amino acid sequence of SEQ ID NO: 46; 
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■ 

b. a substrate capable of methylation by the polypeptide of (a), 

c. a cofactor for the methylation of the substrate, and 

d. HSP90A. 

8. The kit of claim 7, wherein the substrate is a histone or the fragment thereof 
comprising an at least methylation region. 

9. A method of screening for a compound for treating colorectal cancer or 
hepatocellular carcinoma, said method comprising the steps of: 

a. detecting an activity of a test compound to modulate methyl transferase 
activity by the method of claim 5, and 

b. selecting a compound that decrease the methylation level of the substrate 

compared to a control level. 
10. A method of screening for a compound for treating colorectal cancer or 
hepatocellular carcinoma, said method comprising the steps of: 
a. contacting a polypeptide selected from the group consisting of: 

i. a polypeptide comprising the amino acid sequence of SEQ ID NO: 

46; 

ii. a polypeptide comprising the amino acid sequence of SEQ ID NO: 
46 wherein one or more amino acids are substituted, deleted, or 
inserted and said polypeptide has a biological activity equivalent 
to the polypeptide consisting of the amino acid sequence of SEQ 
ID NO: 46; 

iii. a polypeptide encoded by a polynucleotide that hybridizes under 
stringent conditions to a polynucleotide consisting of the nucleotide 
sequence of SEQ ID NO: 45, wherein the polypeptide has a 
biological activity equivalent to a polypeptide consisting of the 
amino acid sequence of SEQ ID NO: 46; 

with a heat shock protein 90A polypepetide (HSP90A) in the presence of 

a test compound; 

b. detecting binding between the polypeptide and HSP90A; 

c. comparing the binding of the polypeptide and HSP90A in the presence of 
the test compound with that in the absence of the test compound, and 

d. selecting a test compound which decreases the binding of the polypeptide 
and HSP90A 
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11. A method of screening for a compound for treating colorectal cancer or 
hepatocellular carcinoma, said method comprising the steps of: 

a. contacting a polypeptide comprising an contiguous amino acid sequence 
that selected from the amino acid sequence of SEQ ID NO: 46, and 
wherein the amino acid sequence comprises either or both of HNSCDPN 
and GEELTICY, with an S-adenosyl-L-methyonine in the presence of a 
test compound; 

b. detecting binding between the polypeptide and S-adenosyl-L-methyonine; 

c. comparing the binding of the polypeptide and S-adenosyl-L-methyonine in 
the presence of the test compound with that in the absence of the test 
compound, and 

d. selecting a test compound which decreases the binding of the polypeptide 
and S-adenosyl-L-methyonine. 

* 

12. A composition for alleviating a symptom of colorectal cancer or hepatocellular 
carcinoma, said composition comprising a pharmaceutical^ effective amount of a 
compound that decreases ZNFN3A1 -mediated methylation and a 

a * 

pharmaceutically acceptable carrier. 

13. A method for alleviating a symptom of colorectal cancer or hepatocellular 
carcinoma comprising contacting a colorectal cancer cell or a heptocellular 
carcinoma cell with a pharmaceutically effective amount of a compound that 
decreases ZNFN3A1 -mediated methylation and a pharmaceutically acceptable 

r 

carrier. 

14. A method for alleviating a symptom of colorectal cancer or hepatocellular 
carcinoma comprising contacting a colorectal cancer cell or a heptocellular 
carcinoma cell with a pharmaceutically effective amount of a compound that 
decreases an interaction between ZNFN3A1 and HSP90A and a pharmaceutically 
acceptable carrier. 

15. A method for alleviating a symptom of colorectal cancer or hepatocellular 
carcinoma comprising contacting a colorectal cancer cell or a heptocellular 
carcinoma cell with a pharmaceutically effective amount of a compound that 
decreases an interaction between ZNFN3A1 and S-adenosyl-L-methyonine and a 
pharmaceutically acceptable carrier. 
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ABSTRACT 

The invention features a method for determining methyl transferase activity of 
a polypeptide and screening for modulators of methyl transferase activity. The 
invention further provides a method or pbarmceutical composition for prevention or 
treating of colorectal cancer or hepatocellular carcinoma using the modulator. 

* * 

TRA 1872532vl 
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ZNFN3A1 
(J-actin 




pcDNA(Mock) + - -f _ -j. _ 

pcDNA-ZNFN3Al - + - + - + 

12 h 18h 24h 

* 



UniGene ID 
Hs.234763 

Hs.76722 
Hs.54473 

Hs.91985 
Hs.23981 8 
Hs. 172700 
Hs.5648 
Hs.26880 

Hs.5613 
Hs.371366 
Hs.236361 
Hs. 169476 




^ Gene name 

NK-2 (Drosophila) homolog 8 (Nkx2.8) 
ccaaVenhancer binding protein (C/EBP), 

Cardiac-specific homeo box(Nkx2.5) 

Wingless-type MMTV integration site 
family, member 10B (WntlOB) 

^8^P n ? inos ^ e ^iii n 3^t catalytic, 
beta polypeptide (PIK3CB} 

Neuralized (Drosophila)-like (NEURL) 

^ECEL1) n oonvertfr ^ enzyme-tike 1 

v-Crk avian sarcoma virus CT10 
oncogene homolog-like (CRKL) 
Adaptor protein with pleckstnh homoloav 
and src homology 2 domains (APS) 

SeMD 
GAPDH 
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ChlP-1 



-933 -607 
[-914-6861 



-317 



ChlP-2 



ChlP-3 
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IB: anti-Flag M2 

IB: anti-mono- 
methylated H3-K4 

IB: anti-di- 
methylated H3-K4 

IB: ant-tri- 
methylated H3-K4 

IB: anti-Histone H3 



Sty _N. *A 



wt-ZNFN3A1 



Di-methyl Di-methyl 
Peptide competitor: None K9 K4 
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methylated H3-K4 
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methylated H3-K9 
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Fig. 6 



(a) HEK293 cells 




(b) HCT1 16 cells 




Fig. 7 
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SEQUENCE LISTING 



<110> Nakamura, Yusuke 
Furukawa, Yoichi 



<120> ZNYN3A1 meth I transferase activity 

<130> 0NC-PRV0310 

<160> 46 

<170> Patent I n vers i on 3. 1 

<210> 1 

<211> 22 

<212> DNA 

<213> Artificial 

* 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 
<400> 1 

acaacagcct caagatcatc ag 



<210> 2 
<211> 20 
<212> DMA 
<213> Artificial 

♦ 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 
<400> 2 

ggtccaccac tgacacgttg 



<210> 3 , 
<211> 23 
<212> DNA 
<213> Artificial 

* 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 
<400> 3 

ttcccgatat caacatctac cag 
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<210> 4 

<211> 23 

<212> DMA 

<213> Artificial 

<220> 

<223> An artificially synthesized proraer sequence for RT-PCR 

<400> 4 

agtgtgtgac ctcaataagg cat 



<210> 5 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 

<400> 5 

aatcatcgct acaagctgaa gcgtg 



<210> 6 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 

<400> 6 

gcataaaatc taactctggg gctgg 



<210> 7 

<211> 23 

<212> DNA 

<213> Artificial 



<223> An artificially synthesized promer sequence for RT-PCR 

i 

<400> 7 

acctcttcaa cagcaatcac aag 
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<210> 8 

<211> 23 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 

<400> 8 

gcatgctcag tcttttcoto tta 



<210> 9 

<211> 21 

<212> DMA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 

<400> 9 

gtgctcttct cgcaggcgca g 



<210> 10 

<211> 22 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 

<400> 10 

ataccatgca gcgtggacac tc 



<210> 11 

<211> 21 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 

<400> 11 

gatacccaca accgcaattc t 
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<210> 12 

<211> 23 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 

<400> 12 

gcatgctcag tcttttccto tta 



<210> 13 

<211> 23 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 

■ 

<400> 13 

agttaaacag agccaaaggg aag 



<210> 14 

<211> 23 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 

<400> 14 

ctgtagtctt tccgaactgt gtg 



<210> 15 

<211> 24 

<212> DNA 

<213> Artificial 

^220^ 

<223> An artificially synthesized promer sequence for RT-PCR 

* 

<400> 15 

gagaccatct tcgtcaaggt cacg 
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<210> 16 

<211> 25 

<212> DNA 

<213> Artificial 

<220> _ DM) 

<223> An artificially synthesized promer sequence for Rl-fUK 

<400> 16 

cgtgttcata gcaaatggtg cactc 



<210> 17 

<211> 25 

<212> DNA 

<213> Artificial 

<223> An artificially synthesized promer sequence for RT-PCR 

<400> 17 

ccctttggag aacagggaaa gcctg 



<210> 18 

<211> 25 

<212> DNA 

<213> Artificial 

^220^ 

<223> An artificially synthesized promer sequence for RT-PCR 

<400> 18 

gctgatctca gggcatagcc aggag 



<210> 19 

<211> 25 

<212> DNA 

<213> Artificial 

<223> An artificially synthesized promer sequence for RT-PCR 

<400> 19 

aaaggctgag tgcatcgtcc gtotc 
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<210> 20 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificial ly synthesized promer sequence for RT-PCR 

<400> 20 

ggtagccagc aggaggtgat tcgtg 



<210> 21 

<211> 21 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 

<400> 21 

agagaatccc tgatccacgt c 



<210> - 22 
<211> 23 
<212> DMA 
<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 
<400> 22 

cgggctagta gaaggagtac tgg 



<210> 23 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for RT-PCR 

¥ 

<400> 23 

ggcaccactt tcgtgcagta ccagg 
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<21t» 24 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized 

<400> 24 

gtcaggcatc tctgcacagt ccagg 



<210> 25 

<211> 25 

<212> DNA. 

<213> Artificial 

<220> 

<223> An art i f i c i a 1 1 y synthes i zed 

<400> 25 

tgatgcctat tccttacatc ctatg 



<210> 26 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> An art i f i c i a 1 1 y synthes i zed 

<400> 26 

gattgtgtct atatcttgca ttccg 



<210> 27 

<211> 26 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthes i zed 

<400> 27 

tgcattattc cggactgaac aaatgc 



promer sequence for RT-PCR 



promer sequence for ChIP assay. 

• * 



promer sequence for ChIP assay 



promer sequence for ChIP assay 
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<210> 28 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for ChlP assay 

<400> 28 

gttgctaaat tgtagcgaag ggctc 



<210> 29 

<211> 25 

<212> DNA 

<213> Artificial 

<220> * num 

<223> An artificially synthesized promer sequence for ChlP assay 

<400> 29 

acccaagtac agagcccttc gctac 



<210> 30 

<211> 24 

<212> DMA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for ChlP assay 

<400> 30 

tcactgcctg ggctttggtc tttg 



<210> 31 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> An art i f i c i a 1 1 y synthes i zed 

<400> 31 

gaccaaagcc caggcagtga gagtg 



promer sequence for ChlP assay 
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<210> 32 

<211> 25 

<212> DMA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for ChlP assay 

<400> 32 

ctgaggaagg gctgggacaa cattc 



2 



<210> 33 

<211> 25 

<212> DMA 

<213> Artificial 

<223> An artificially synthesized promer sequence for ChlP assay 

<400> 33 , 
tggctacaag cctcttctgt tttgc 



<210> 34 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized promer sequence for ChlP assay 

. 

<400> 34 

aggggtgggt ttattagcac ccagg 



<210> 35 
<211> 44 
<212> DNA 
<213> Artificial 

<223> An artificially synthesized oligonucleotide probe for in vitro 
nding assay 

<400> 35 

ttacgccctc ctgaaacttg tcatcctgaa tcttagaggg gccc 
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<210> 36 

<211> 44 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized oligonucleotide probe for In vitro bi 
nding assay 

» 

<400> 36 

gggcccctct aagattcagg atgacaagtt tcaggagggc gtaa. 44 



<210> 37 
<211> 15 
<212> DNA 
<213> Artificial 

■ 

<220> 

<223> An artificially synthesized oligonucleotide probe for in vitro bi 
nding assay 

■ 

<400> 37 

ccctttgatc ttacc 15 



<210> 38 ) 

<211> 15 

<212> DMA 

<213> Artificial. 

<220> 

<223> An artificially synthesized oligonucleotide probe for in vitro bi 
nding assay 

<400> 38 

ggtaagatca aaggg 1b 



<210> 39 

<211> 15 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthes i zed p I i gonuc I eot i de probe for in vitro bi 
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ruling assay 
<400> 39 

ccctttggcc ttacc 15 



<210> 40 

<211> 15 

<212> DNA 

<213> Artificial 

<220> 

<223> An artificially synthesized oligonucleotide probe for in vitro bi 
nding assay 

<400> 40 

ggtaaggcca aaggg 15 



<210> 41 

<211> 24 

<212> DNA 

<213> Artificial 

<220> ' L _ 

<223> An artificially synthesized primer sequence to amplyfy the fragme 

nt of Nkx2. 8 promoter by PCR 
<400> 41 

agcgggcctg gtaccaaatt tgtg 24 



<210> 42 

<211> 24 

<212> DMA 

<213> Artificial 

<220> 

<223> An artificially synthesized primer sequence to amplyfy the fragme 
nt of Nkx2. 8 promoter by PCR 

<400> 42 

ccgggatgct agcgcattta cage ^ 



<210> 43 
<211> 51 
<212> DNA 



Copy provided by USPTO from the IFW Image Database on 01A1 0/2005 
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<213> Artificial 
<220> 

<223> An artificial ly synthesized ol igi nucleotide sequence for plasmids 
expressing siRNA to ZNFN3A1 

* 

<400> 43 K< 
aacatctacc agctgaaggt gttcaagaga caccttcagc tggtagatgt t &• 



<210> 44 

<211> 51 

<212> DNA 

<213> Artificial 

<220> , . A 

<223> An art i f i c i a 1 1 y synthes i zed ol iginuol eot i de sequence for plasmids 

expressing siRNA to ZNFN3A1 

<400> 44 _ . R1 

aacatctacc agctgaaggt gtctcttgaa caccttcagc tggtagatgt t oi 



<210> 45 

<211> 1622 

<212> DMA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (96).. (1382) 

<223> 

<400> 45 . Rn 

gtgcgcgcag ggcgcaggcg cgcgggtccc ggcagcccgt gagacgcccg ctgctggacg t>u 

ogggtagccg tctgaggtgc cggagctgcg ggagg atg gag ccg ctg aag gtg 113 

Met Slu Pro Leu Lys Val 
1 5 



gaa aag ttc gca acc gcc aac agg gga aac ggg ctg cgc gcc gtg acc 
Glu Lys Phe Ala Thr Ala Asn Arg Gly Asn Gly Leu Arg Ala Val Tnr 

10 15 20 

ccg ctg cgc ccc gga gag eta etc ttc cgc teg gat ccc ttg gcg tac 
Pro Leu Arg Pro Gly Glu Leu Leu Phe Arg Ser Asp Pro Leu Ala Tyr 
25 30 35 



161 



209 



* 
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acg gtg tgo aag ggg agt cgt ggc gtc gtc tgc gac cgc tgc ctt etc 257 
Thr Val Cys Lys Gly Ser Arg Gly Val Val Cys Asp Arg Cys Leu Leu 
40 45 50 

ggg aag gaa aag ctg atg cga tgc tct cag tgc cgc gtc gee aaa tac 305 
Gly Lys Glu Lys Leu Met Arg Cys Ser Gin Cys Arg Val Ala Lys Tyr 
55 60 65 70 



tgt agt get aag tgt cag aaa aaa get tgg cca gac cac aag egg gaa 
Cys Ser Ala Lys Cys Gin Lys Lys Ala Trp Pro Asp His Lys Arg Glu 

75 80 85 

tgc aaa tgc ctt aaa age tgc aaa ccc aga tat cct cca gac tec gtt 
Cys Lys Cys Leu Lys Ser Cys Lys Pro Arg Tyr Pro Pro Asp Ser Val 

90 95 100 

cga ctt ctt ggc aga gtt gtc ttc aaa ott atg gat gga gca cct tea 
Arg Leu Leu Gly Arg Val Val Phe Lys Leu Met Asp Gly Ala Pro Ser 
105 110 115 

gaa tea gag aag ctt tac tea ttt tat gat ctg gag tea aat att aac 
Glu Ser Glu Lys Leu Tyr Ser Phe Tyr Asp Leu Glu Ser Asn He Asn 
120 125 130 

aaa ctg act gaa gat aag aaa gag ggc etc agg caa etc gta atg aca 
Lys Leu Thr Glu Asp Lys Lys Glu Gly Leu Arg Gin Leu Val Met Thr 
135 140 145 150 

ttt caa cat ttc atg aga gaa gaa ata cag gat gec tct cag ctg cca 
Phe Gin His Phe Met Arg Glu Glu lie Gin Asp Ala Ser Gin Leu Pro 

155 160 165 

cct gee ttt gac ctt ttt gaa gee ttt gca aaa gtg ate tgc aac tct 
Pro Ala Phe Asp Leu Phe Glu Ala Phe Ala Lys Val He Cys Asn Ser 

170 175 180 

ttc acc ate tgt aat gcg gag atg cag gaa gtt ggt gtt ggc eta tat 
Phe Thr lie Cys Asn Ala Glu Met Gin Glu Val Gly Val Gly Leu Tyr 
185 190 195 

ccc agt ate tct tig etc aat cac age tgt gac ccc aac tgt teg att 
Pro Ser He Ser Leu Leu Asn His Ser Cys Asp Pro Asn Cys Ser lie 
200 205 210 

gtg ttc aat ggg ccc cac etc tta ctg cga gca gtc cga gac ate gag 
Val Phe Asn 6ly Pro His Leu Leu Leu Arg Ala Val Arg Asp lie Glu 
215 220 225 230 



353 



401 



449 



497 



545 



593 



641 



689 



737 



785 
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gtg gga gag gag etc acc ate tgc tac otg gat atg ctg atg ace agt 
Val Gly Glu Glu Leu Thr I le Cys Tyr Leu Asp Met Leu Met Thr Ser 

235 240 245 

gag gag cgc egg aag cag ctg agg gac cag tac tgc ttt gaa tgt gac 
Glu Glu Arg Arg Lys Gin Leu Arg Asp Gin Tyr Cys Phe Glu Cys Asp 

250 255 260 

* 

tgt ttc cgt tgc caa acc cag gac aag gat get gat atg eta act ggt 
Cys Phe Arg Cys Qln Thr Gin Asp Lys Asp Ala Asp Mat Leu Thr Gly 
265 270 275 

gat gag caa gta tgg aag gaa gtt caa gaa tec ctg aaa aaa att gaa 
Asp Glu Gin Val Trp Lys Glu Val Gin Glu Ser Leu Lys Lys He Glu 
280 285 290 

gaa ctg aag gca cac tgg aag tgg gag cag gtt ctg gee atg tgc cag 
Glu Leu Lys Ala His Trp Lys Trp Glu Gin Val Leu Ala Met Cys Gin 
295 300 305 310 

♦ 

gcg ate ata age age aat tct gaa egg ctt ccc gat ate aac ate tac 
Ala Me lie Ser Ser Asn Ser Glu Arg Leu Pro Asp Me Asn Me Tyr 

315 320 325 

cag ctg aag gtg etc gac tgc gee atg gat gee tgc ate aac etc ggc 
Gin Leu Lys Val Leu Asp Cys Ala Met Asp Ala Cys Me Asn Leu Gly 

330 335 340 

* 

ctg ttg gag gaa gec ttg ttc tat ggt act egg acc atg gag cca tac 
Leu Leu Glu Glu Ala Leu Phe Tyr Gly Thr Arg Thr Met Glu Pro Tyr 
345 350 355 

• ■ 

agg att ttt ttc cca gga age cat ccc gtc aga ggg gtt caa gtg atg 
Arg I le Phe Phe Pro Gly Ser His Pro Val Arg Gly Val Gin Val Met 
360 365 370 

aaa gtt ggc aaa ctg cag eta cat caa ggc atg ttt ccc caa gca atg 
Lys Val Gly Lys Leu Gin Leu His Gin Gly Met Phe Pro Gin Ala Met 
375 380 385 390 

aag aat ctg aga ctg get ttt gat att atg aga gtg aca cat ggc aga 
Lys Asn Leu Arg Leu Ala Phe Asp lie Met Arg Val Thr His Gly Arg 

395 400 405 

gaa cac age ctg att gaa gat ttg att eta ctt tta gaa gaa tgc gac 
Glu Hie Ser Leu Me Glu Asp Leu Me Leu Leu Leu Glu Glu Cys Asp 

410 415 420 



833 



881 



929 



977 



1025 



1073 



1121 



1169 



1217 



1265 



1313 



1361 
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gcc aac ate aga gca tec taa gggaacgcag tcagagggaa ataeggegtg 
Ala Asn I le Arg Ala Ser 
425 

tgtctttgtt gaatgectta ttgaggtcac acactctatg ctttgttagc tgtgtgaacc 
tctcttattg gaaattotgt tccgtgtttg tgtaggtaaa taaaggcaga catggtttgc 
aaaocacaag aatoattagt tgtagagaag cacgattata ataaattcaa aacatttggt 
tgaggatgee aaaaaaaaaa aaaaaaaaaa 



1412 



1472 
1532 
1592 
1622 



<210> 46 

<211> 428 

<212> PRT 

<213> Homo sapiens 

<400> 46 „ . 

Met Glu Pro Leu Lys Val Glu Lys Phe Ala Thr Ala Asn Arg Gly Asn 
15 10 15 

i 

Gly Leu Arg Ala Val Thr Pro Leu Arg Pro Gly Glu Leu Leu Phe Arg 

20 25 30 

Ser Asp Pro Leu Ala Tyr Thr Val Cys Lys Gly Ser Arg Gly Val Val 
35 40 45 

Cys Asp Arg Cys Leu Leu Gly Lys Glu Lys Leu Met Arg Cys Ser Gin 
50 55 60 

Cys Arg Val Ala Lys Tyr Cys Ser Ala Lys Cys Gin Lys Lys Ala Trp 
65 70 75 80 

Pro Asp His Lys Arg Glu Cys Lys Cys Leu Lys Ser Cys Lys Pro Arg 

85 90 95 

Tyr Pro Pro Asp Ser Val Arg Leu Leu Gly Arg Val Val Phe Lys Leu 

100 105 110 

Met Asp Gly Ala Pro Ser Glu Ser Glu Lys Leu Tyr Ser Phe Tyr Asp 
115 120 125 

Leu Glu Ser Asn lie Asn Lys Leu Thr Glu Asp Lys Lys Glu Gly Leu 
130 135 140 

Arg Gin Leu Val Met Thr Phe Gin His Phe Met Arg Glu Glu lie Gin 
145 150 155 160 
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Asp Ala Ser Gin Leu Pro Pro Ala Phe Asp Leu Phe Glu Ala Phe Ala 

165 170 175 

Lys Val I le Cys Asn Ser Phe Thr I le Cys Asn Ala Glu Met Gin Glu 

180 185 190 

Val Gly Val Gly Leu Tyr Pro Ser I le Ser Leu Leu Asn His Ser Cys 
195 200 205 

Asp Pro Asn Cys Ser lie Val Phe Asn Gly Pro His Leu Leu Leu Arg 
210 215 220 

Ala Val Arg Asp He Glu Val Gly Glu Glu Leu Thr lie Cys Tyr Leu 
225 230 235 .240 

Asp Met Leu Met Thr Ser Glu Glu Arg Arg Lys Gin Leu Arg Asp Gin 

245 250 . . 255 

Tyr Cys Phe Glu Cys Asp Cys Phe Arg Cys Gin Thr Gin Asp Lys Asp 

260 265 270 

Ala Asp Met Leu Thr Gly Asp Glu Gin Val Trp Lys Glu Val Gin Glu 
275 280 285 

Ser Leu Lys Lys Me Glu Glu Leu Lys Ala His Trp Lys Trp Glu Gin 
290 295 300 

Val Leu Ala Met Cys Gin Ala Me Me Ser Ser Asn Ser Glu Arg Leu 
305 310 315 320 

Pro Asp Me Asn Me Tyr Gin Leu Lys Val Leu Asp Cys Ala Met Asp 

325 330 335 

Ala Cys I le Asn Leu Gly Leu Leu Glu Glu Ala Leu Phe Tyr Gly Thr 

340 345 350 

Arg Thr Met Glu Pro Tyr Arg I le Phe Phe Pro Gly Ser His Pro Val 
355 360 . 365 

Arg Gly Val Gin Val Met Lys Val Gly Lys Leu Gin Leu His Gin Gly 
370 375 380 

Met Phe Pro Gin Ala Met Lys Asn Leu Arg Leu Ala Phe Asp I le Met 
385 390 395 400 

Are Val Thr His 6ly Arg Glu His Ser Leu Me Glu Asp Leu Me Leu 

405 410 415 
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Leu Leu Glu Glu Cys Asp Ala Asn lie Arg Ala Ser 

420 425 



